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D E S 16 


THE Edinburgh ſociety, eſtabliſhed 
in the year 1755, for the im- 
provement of arts and manufactures, 
named, amongſt other articles, the 
following: | 5 


For the beſt diſſertation on vegitation 
and the principles of agriculture, a 
gold medal. 


IN order to promote fo uſeful an 
inſtitution, „ 
compoſed, and delivered in to the 
ſociety, according to the rules laid 
down. The judges named for that 
article, determined, on a competi- 
tion, in their favour. Some few ad- 
Aa. ditions 


apers were 


Sg 
ditions have been made to them 
ſince they were given in to the ſo- 
ciety. 


In ſo neceſſary an art, where the | 
terms are inaccurate, confuſed, and | 
differ ſo much in different counties, 
to fix theſe terms, and aſcertain their 
meaning; where there is nothing 
ſyſtematic, to lay down a regular 
plan ; where the different parts are 
generally looked on as complete, to 
mark the deficiencies, and ſhow that 
there is much wanted; where the 
means of improvement are unknown 
or neglected, to point out the only 
road that can lead with certainty to 
it ; where there are few experiments 
to build on, to relate ſome, and on 
theſe to lay a foundation for more ; 
where the reaſonings are, in gene- 
ral, ſo very unphiloſophical, to ſettle 
ſome fund for diſcourſe and argu- 

ment; 


[» 1 8 
ment ; where the proper helps have 
not been called in, to make uſe of 
theſe, and introduce a new ſcience to 
the aſſiſtance of this art; in ſhort, 
where there 1s but little aſcertained, 
to fix ſome general principles on 
. which the artiſt may depend: This 
is the deſign of the following papers. 
That no more has been done, will be 
molt readily excuſed by thoſe who 
are beſt acquainted with the diffi- 
culty of the undertaking. 
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I Caſes of the flow progreſs of Arrielre, | 
connection of chymiſtry with it; and divi- F 
fon of the ſubject. : Pi 
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Of different ſoils. | 1 
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Of the rich black ſoil. 
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The natural methods of providing vegetable 
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Of manures, or the artificial e of pro- 
viding vegetable food. | 
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Of Marl. 
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of unburnt calcarious bodies, and quick-lime. 
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Of vegetables in an entire and in a corrupted 
ate, and of dunghills. 


SECT WW 
Of manures which x from burning ve— 


getables. 
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PART I. 


SECTION L 


| Cauſes of the ſlow progreſs of agriculture - 
connection of chymiſtry with it ; and divi- 
fron of the ſubject. N : 


GRICULTURE, though the moſt 
neceſſary, has been, perhaps, the 
moſt nẽglected of all the arts. Every 
other art has undergone conſiderable im- 

provements in this and the laſt century; 
but we cannot affirm the ſame of agricul- 


ture, It ſeems to be little better under- 
— 


AcRIcuTTVURE and VEGETAT ION. 


P 


ſtood in Europe at preſent, than amongſt 


lity, becauſe of her age? as ſome of the 


that culture depend more on chance than 


Part I. 


14 The Principles of 


the ancients; and I believe Virgil and Collu- 
mella may ſtill be reckoned the beſt authors 
on. that ſubject. Does this proceed from 
the earth loſing, like a mother, her ferti- 


ancients alledged ; or does it ariſe from an 
impoſſibility of reducing the culture of the 
ground to a regular art, as the effects of 


ſettled principles? Daily experience ſhows | 
that none of theſe can be the caſe : for the f 
carth, though exhauſted, attains again, un- 
der proper management, a great degree of J 
fertility ; and the regularity with which af- Þ 
fairs are conducted, ſhows, that 1 It 18 in ſome 


meaſure already reduced to an art. 


Tux flow progreſs of huſbandry may | 
be accounted for from more obvious rea- 
ſons. This art is, in general, carried on by | 
thoſe whoſe minds have never been im- 
proved by ſcience, taught to make obſerva- 
tions, or draw concluſions, in order to 


attain the truth; or by thoſe who, although 
: Nature 
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Nature has been very bountiful, cannot 
carry their ſchemes into execution, from 
the narrowneſs of their fortunes. The 
former can never know more than what 
they have learned from their fathers; the 
latter dare riſk nothing, as their daily bread 
depends on the certainty of ſucceſs. What 
can be expected from that claſs? 


LtT us ſuppoſe the fortune eaſy, and 
the judgment improved, the difficulty of 
the art itſelf is ſufficient to retard its pro- 
greſs. How delicate the circumſtances that 
muſt attend each experiment! What a 
number of different obſervations on heat 
and cold, dry and wet, difference of ſoils, 
grains, ſeaſons, &'c. muſt be exactly made, 
before one can be certain of the general 
ſucceſs of an experiment! What a diſa- 
oreement from a ſmall difference | in one of 


theſe circumſtances ! How ſeldom can theſe 
experiments be repeated, which take a 
whole year before they can be brought to 
a concluſion! how unequal for ſuch a taſk 
are the few youns of judgment and activity 
B 2 we 
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we enjoy | How liable are obſervations to 


die with the obſerver when not made pub- 
lic! and how averſe is human pride to do 


it, unleſs it could ere& a ſyſtem ! Agricul- 


ture, ſeemingly ſo eaſy, appears, from the 
ſcarcity of good authors, to be the moſt 
difficult of all arts. 


Bor theſe are not the only obſtacles 


that huſbandry has met with. It has yet 
had a greater to ſtruggle with. It does not, 
like molt arts, lead to an account of itſelf ; 
or depend on principles which its practice 
can teach. Something beyond this art is 
neceſſary to the knowledge of the art itſelf. 
The principles of all external arts muſt be 
deduced from mechanics or chymiſtry, or 
both together. Agriculture is in the laſt 
claſs; and though it depends very much on 
the powers of machinery, yet Pll venture 
to affirm, that it has a greater dependence 
on chymiſtry. Without a knowledge in 


the latter ſcience, its principles can never 
be ſettled. As this fcience is but of late 
invention, and has not yet been cultivated 


with 
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with that regard to utility, and the im- 
provement of trades and manufactures, as 


2 it ought and might, agriculture is hardly 


ſenſible of its dependence on it. The de- 
ſign of the following ſheets is to make this 


appear; and to try how far chymiſtry 
7 will go in ſettling the principles of agricul- 


I don't intend in the following remarks 


; to ſettle facts, or teach the practical part of 
; farming. That I leave to farmers. My 
7 deſign is only to ſketch out the great out- 
lines of this art, and ſhow, that it is ca- 
pable of being reduced, like others, to a 
| regular ſyſtem. If in this way we can fix 
| ſome ſettled principles from the facts which 
| are already aſcertained, thoſe who apply to 
| practice will find their benefit in it. The 
juſt theory of an art leads directly to its im- 
provement, as it leads to thoſe experiments 


which yet remain to be tried. Without 
this guide we may ſtumble on truths by ac- 
cident; but when led by it, we have the 


ſecret ſatisfaction of thinking, that we are 


B 3 indebted 
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indebted to ourſelves for the happy iſſue of 


the experiment. 


Lr us try to find ſome fixed point 
from which we may have a full view of 
this extenſive art, and from which we may 
proceed, in a methodical manner, to the 
diviſion of our ſubject. All organized bo- 
dies receive their increaſe from the recep- 
tion and application of certain particles, 
which are deſigned by the Author of na- 
ture for their nouriſhment. Without theſe 


nutritive particles there could be no in- f 
creaſe. As plants belong to the claſs of or- ; 
ganized bodies, they thrive in proportion to] 
the quantity of nouriſhment they receive at Þ 
their roots. Hence ariſes a ſimple, but 


very comprehenſive, view of huſbandry. 


'The whole of the art ſeems to centre in 


this point, ix. nouriſhing of plants. 


Bur how can the farmer underſtand} 
the art of nouriſhing plants, unleſs he 


knows the nature and qualities of each kind 


of ſoil, whether it be proper or improper 
for 


3 


j 


$2.0, 
OT, - 
25 
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for that office; unleſs he can provide ſuit- 
able food for the nouriſhment of plants, and 
diſcovers what that food is; unleſs he aſ- 
ſiſts the plants in reaching and acquiring 
that food, by rendering the ſoil looſe and 


open; unleſs he knows, and endeavours to 


remove, ſo far as lies in his power, all im- 
pediments to this nouriſhment ? Theſe are 
the great outlines of agriculture. In fol- 
lowing theſe, then, we ſhall divide our ſub- 
jet into five parts. 1. The nature and 
qualities of different foils. 2. The nature 
and qualities of the different compoſts: 
3. Their manner of acting. 4. The dif- 
ferent methods of opening the ſoil. 5. The 
impediments to vegetation, and their cure. 


THE operations of bodies are to be ac- 
counted for only from their known qualities 


aſcertained by experiment. Reaſoning on 


any other plan, can never certainly lead to 
truth. I ſhall not, therefore, proceed a 
ſingle ſtep without fact and experiments; 
and when I am not ſupplied with them 

from 
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from others, ſhall endeavour to make them 
myſelf, It is laborious, but it is neceſſary. 


| * „ II. 


* Ai geen, fit. : 


8 the earth is 4 matrix to which Þ 
all ſeeds are committed, and from 5 4 
| which all vegetables take the whole, or at 1 
h leaſt the greateſt part of their nouriſh- ; þ 
ment, it is proper to begin with an exami- Þ 
. | nation of it. As it nouriſhes plants with- ;; 
out the aſſiſtance of art, it muſt contain] 
. the food of plants. If we can diſcover 
1 what is the natural food of vegetables, we | 
ſhall the eafier diſcover wherein conſiſts | 
'Y their artificial food or that given by art, | 
6 and how it operates. 


EarTHs are found to differ very much 
from one another in their qualities; far- 
| mers have therefore divided them into ſe- 
| veral different kinds, and perhaps have 

run 


We ſhall then endeavour, by experiment, 
. | to 
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3 run into too minute diviſions. It is dif- 


| ful indeed to ſettle the exact limits be- 


twixt the different ſoils; but ſuch difficulty 
we find in all the diviſions of natural bo- 


dies. The Author of nature has connect- 
i ed different bodies by intermediate ones; 
: he has choſen to act by different grada- 
5 tions, and not by ſtarts, that nature may 
appear one connected whole. The great 
4 diviſion, or the ſpecific differences of earths, 
: may be reduced to theſe fix, viz. rich 
black ſoil, con only called loam or haſley 
foil; clay; ſandy; moſly; chalky ; and 
Þ till. : i 


| When farmers treat of theſe ſoils, they 
generally diſtinguiſh them from one ano- 
Þ ther by the colour, or ſome other ſuper- 
| ficial quality, which immediately ſtrikes 
| the ſenſes. But colour can never lead ta 
the compoſition or principles of bodies, on 
which alone their effects depend. Such 
ſuperficial qualities as that, depend them- 


ſelves on the conſtituent parts of bodies. 


or poorer in proportion as they contain] 


t The Principles 8 Part I, | 


to detect the conſtituent parts of theſe dif- | 
ferent ſoils, and ſhow wherein they differ | 
from one another. 


e 
Of the rich black ſoit. 
Begin with this ſoil, as it is found to 


contain the greateſt quantity of vege- 
table food, and as all other ſoils are richer ÞÞ 


more or leſs of this. 
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THis foil, when freſh dug up, and I th 


ſufficiently moiſt, has a very agreeable ſe 


ſmell, which is not felt when it is too dry] Lon 


or too wet. We are very ſenſible of an] th. 


agreeable ſmell in the fields after a gentle] th, 


ſhower of rain, eſpecially if a drought has] ag 
preceded. This we attribute to the eftlu-Þ T} 
via of the plants; but it belongs to the thi 


earth, as it is to be felt every where, andſ de 


ſtronger the nearer the noſe approaches| ai 


: theſ - 
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— Þ Y the ground. This is probably owing to 

r | ; "oy volatile ſalts and oils, which riſe toge- 

ö ther, in greater plenty, as the natural fer- 

| mentation of the earth is increaſed by a 
due proportion of moiſture. 


| Y peculiar to this ſoil. In this it differs very 
much from the clay and ſandy ſoil. The 
former does not ſeparate; the latter falls 
e- into a powder like ſand ; but this ſeparates 


er ; into ſmall bits. It Es to enjoy that de- 


in f gree of coheſion which is fitteſt for ſup- 
porting vegetables, and at the ſame time 
allowing their fibres to ſpread in ſearch of 
ad their food. The particles of this ſoil 
lef ſeem to be in a continual tendency to re- 
ry cede from one another; for it is obſerved, 
an | that when dug up, and expoſed to the air, 


tle the hole from which it was taken, will not 


as again contain the quantity taken out. 
lu-JThis muſt be owing to a fermentation of 
hel the putrefactive kind, carried on, in a ſmall 
nd degree, in theſe rich ſoils, whenever the 
iesÞ air is admitted to them: for without air 
nel - 1 - there 


To crumble when dug up, is a quality 
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there can be no inteſtine motion. This 


continual tendency to putrefaction, in ſome 


of the particles of this ſoil, will appear 
more plain from its colour, and quantity 


of oil, the only ſubje& of corruption. 
Hence it follows, that there muſt be a de- 
gree of heat in this ſoil, in proportion to 
the progreſs of the putrefactive fermenta- 
tion, and independent of the ſun, or na- 
tural heat of the internal parts of the 


earth. 


Tr1s ſoil admits the water eaſily, and 
ſwells like a ſpunge after it has taken the 


moiſture in. This quality is peculiar to 


good ſoil. It contracts again when dried. 
Hence naturaliſts conclude, that this ſoil 
conſiſts of ſpungy and ſwelling particles. I 
rather chuſe to attribute this ſwelling to the 


fermentation, or inteſtine motion, which 


continually goes on in this ſoil, being in- 
creaſed by the addition of the water; for 
all bodies muſt have a certain degree of 


watry particles, in order to make the fer- 


mentation go on properly. 
Ir 


„ 


@ Y 


ne — 
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IT is obſerved of all ſoils, the moſſy and 


boggy ground excepted, that the blackeſt 


are the richeſt. This colour gives us a 


ſtrong preſumption, that theſe ſoils con- 
tain much fat and oleaginous matter ; for 


all foſſil and vegetable oils, when they have 


a great admixture of earth, are of this co- 
lour. It is owing likewiſe to theſe oils, 

that all vegetable or animal ſubſtances gain 
| a black colour when in the road to putre- 


faction. The unctuoſity too of this ſoil, 


a quality of it which is remarked by farm- 
ers, is a proof of its oleaginous nature. 
This black colour will make it reflect fewer 
of the ſun's rays, and fo make it ſuſcep- 
tible of a greater heat, than ſoils wines 
are of a lighter colour. 


Bur we have a certain method of know- 
ing, whether a body contains any olcagi- 
nous particles or not, by the means of nitre 
melted in the fire. Nitre, though not in- 
flammable of itſelf, becomes, in this fitua- 
d tion, inflammable, or, as the chymiſts chuſe 
C to 
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26 ” The Principles of Part J. 
to call it, deflagrates with bodies which 
contain any olly particles. 


Exp. 1. Some rich mould taken up three 


or four inches deep from the border of a 


garden where no dung had ever been laid, 
deflagrated very much with nitre in fuſion. 
Hence it appears, that this ſoil contains 
much oil. 


To diſcover if this earth contained any 
abſorbent or alkaline particles, I tried the 


following experiment. 


£ixp. 2. Some ſtrong vinegar, diluted 
with twice its quantity of water, being 


poured on this fat earth, raiſed a gentle fer- 


mentation, from whence many air-bubbles 
aroſe; the acid taſte was at laſt deſtroyed, 
and the vinegar reduced to a neutral body, 
From this experiment we learn, that rich 
mould contains a great many particles 


which attract acids, and with them make 


a neutral ſalt. I have learned from many 


different trials, that all ſoils Bit for the nou- 
riſliment 
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theſe antacid particles. 
earth by diſtillation. 


Exp. 3. I diſtilled half a pound of it 


ounce of a yellow empyreumatic liquor, 


| longer, gave half an ounce more of a yel- 
| lowiſh empyreumatic liquor, which had 


ſeveral oleaginous filaments ſwimming in 
it. It ſmelt like ſpirit of hartſhorn, turn- 
ed ſyrup of violets green, and efferveſced 


| ftrongly with vinegar. 


From this experiment it appears, that 
the ſalts of this foil are of the volatile al- 
kaline kind; and that theſe ſalts naturally 
exiſt in it, as they rife with a ſmall degree 

of heat. From this likewiſe we have ano- 
ther proof of oil being contained in this 
{oil, as it tinged the firſt water with a yel- 
| C2 lowiſh 


riſhment of plants, contain more or leſs of 


To diſcover what we ſhould get from this 


with a gentle heat; I got in two hours an 


which was of an alkaline nature. The 
| ftrongeſt fire continued for nine hours 


75 
| 
| 
F 
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| 


reſiſts, in ſome meaſure, the entrance of 


1. 


PL 


| | \ 
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lowiſh colour, gave it a burnt ſmell, and 


was plainly to be diſcovered in the ſecond 
floating about in a filamentous way. 


bBECT. It 
© Of the clay foil 


HE clay ſoil is very different from 
the former; and as it is a compoſi- 
tion of clay with a mixture of the former 
foil, we ſhall inquire into the properties of 


clay. 


Tre diſtinguiſhing and charaQeriſtical 


property of this body is, that having al- 
ready got a certain quantity of moiſture, it 


more water into its pores, is very ſlowly pe- 
netrated by that fluid, and therefore is not 
in any great degree ſoftened, looſened, or 
otherwiſe affected by it. Clay, when preſ- 
ſed by external force, or firmly compacted 

'» 
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by its natural ſubſidence, as we find it at 
the bottom of many of our ſoils, and of 
. moſt of our moſſes, will even ſuſtain water, 
and become impenetrable to it. Hence 
| ſoils, in proportion to the quantity of clay 
f they contain, will hinder the water from 
paſſing through them; will Keep the vege- 
tables continually ſoaked in moiſter; will 
not be ſo much heated by the rays of the 
ſun as if they were dry; and, therefore, are 
juſtly deemed of a cold nature. 


Wren expoſed to the degree of heat of 
a ſummer ſun, clay dries, and turns very 
| hard, ſo that it requires a conſiderable force 
| to ſeparate its parts. This quality of clay 
is the more obſervable, if it has been full 
of moiſture, and dried ſuddenly. Hence 
| clay grounds are ſo apt to cake with heat, 
f | eſpecially if they have been ploughed wet, 
and will, in that ſlate, hinder the roots 
t Þ of vegetables from paſſing through them. 


7 ” Pee 4 n n * A hs BR ts 
er Ge SG ER re Rig” Toe Pa Ml V6 BI e 
8 DI %%% ĩðͤ TI Ann Sis Sas 7 


1 * r Ne 
W EN tp 


- | Tres: qualities of clay ſeem to depend 
on the ſame cauſe, viz. the ſtrong adheſive 
7 . power 


is 


30 | The Principles of Part J. 


8 its particles. Its great ductility 
ſhows, that its particles adhere very firmly, 
But whence this adheſion ? Is it from a 
certain figure of its particles, by which 
they are intangled, and cannot be ſo eaſily ſe- 
parated? or is it from oleaginous particles 
mixed with the earthy, as we know that 


oil is adheſive, and rejects water? I incline 


to the latter opinion, as I have found that 
clay contains an oll, not fo loofe indeed 
as in the former ſoil, but intimately con- 
need with its earth, and mans ſeparable 
from it. 


Exp. 4. I mixed ſome clay with vinegar ; 
but there was no fermentation, and the acid 
taſte was not blunted. It ſeems then to 
lave neither alkaline nor abſorbent particles 


in its compoſition. In this it ditters very 


much from the former ſoil. 


CnymisTs generally aſſert, that clay 
contains an acid of the vitriolic nature, and 
an oil, From this acid they account for 
its diſtilling the acids of nitre and ſea-falt, 
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and for its vitreſcible nature, as ſalts are the 


great aſſiſtants of vitrification. 


LEMERY le fils, in the Mem. acad. 
de Scienc. pour ] annee 1708, has theſe 
words. Comme il y a dans argille de par- 
ties huilleuſes, acides, et terreuſes. And again, 
Car en la pouſſent par une feu plus conſide- 
rable, il en échappe des acides et de parties 
huilleuſes, Let us ſee how far this is true. 


THAr I might diſcover its contents by 


! diſtillation, 


Exp. 5. I put into the retort half a pound 
of dry clay, taken up ſeven feet below the 
ſurface from a clay-pit then employed in a 
brick manufaQtory ; and as much ſand was 
mixed with the clay, it ſeemed to be of a 
pure nature. After it had been diſtilled for 
two hours with a gentle fire, I got half an 


Oz. of pure water. After it had ſuffered the 


ſtrongeſt heat that I could give it in a port- 
able furnace for nine hours, I found in the 


receiver two drams of a pellucid liquor, 


which 


| 


„„ 
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which ſmelt like the ſpirit of hartſhorn, ef- 
ferveſced ſtrongly with vinegar, and turn- 
ed ſyrup of violets green. The remainder 
-was very red. 


 Tavs, inſtead of getting an, acid, as the 
chymiſts aſſert, I have got an alkaline vo- 
latile ſpirit. No oil appears from this ex- 
periment; and, therefore, we- may con- 
clude, that if there is any oll in it, that 
oil is intimately united and combined with 
its earthy parts, analogous to what happens 


in metals. 


Trar there is ſuch an oil, ſeveral rea- 
fons induce me to think; its nouriſhing ve- 
getables, which require oil, when opened 
by mere ſand; its unctuoſity; its igniting, 
hke metals, when put in the fire. 


Exp. 6. I tried ſuch clay as I uſed in 
the former experiment with melted nitre. 
When ſmall pieces were put in, no fire was 
produced betwixt it and the nitre : but I 
_ evidently perceived ſparks of fire when it 
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was put in powdered. Hence I conclude, 
that clay contains an oil intimately and 
cloſely combined with its terreſtrial parts. 


Tas oleaginous nature of clay is clearly 
demonſtrated by an experiment of Mr 
Eltors, in the 5th Vol. of the Berlin Me- 
moirs. He boiled ſome clay in an alka- 
line lye; this lye when decanted was ſa- 
turated with ol. vitriol. After the liquor 
had ſtood ſome time, he found at the bot- 
tom a viſcid matter which deflagrated with 
melted nitre, and reduced the calx of lead 
to its metallic form. By this experiment 
the oil was got in a ſeparated ſtate from the 
earthy parts, which after this ſeparation 
had loſt their tenacity. This gentleman's 
experiments ſhow us how ſtrongly the oll 
and earth adhere; for the oil was ſcarcely 
ſeparable by ſpirit of wine. | 


Exp. 7. When a piece of the clay was 


kept in the kitchen-fire for ſome time, it 


turned red like a live coal, and when taken 
Qut, had a high red colour, which ſeemed 
owing 
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membered, that this quality depends upon 


_ 


of ſand. 


former, as it does not detain the water like 
it, which ſeems to attract moiſture with con- 


Is | | The Principles : of Part l. | ; 


owing to the particles of iron that it con. 
tained. Very few particles indeed were at. 
tracted by the magnet. But it muſt be re. 


the inflammable part of that metal, which 
is always given it by art, and that I had 
not added oil in the calcination. Very 
few ores have this quality naturally. All 
theſe experiments were made on the ſame 


BECK KY 


Of the ſandy foil. 


HIS ſoil gets its name from the quan- 
tity of ſand which it contains. The 
qualities of this foil depend on the qualities 
This body differs much from 
the two former ; from the latter, as it caſily | 
admits the entrance of water; from the! 


ſiderable force, and to reſiſt its eſcape again; « 
While 


— 
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7 while ſand allows 1t to paſs eaſily through 
rs body, and does not ſwell, but, on the 
4 contrary, turns leſs in bulk, when wet. 
4 Sand cannot detain the water ſo long as 
4 the rich ſoils, becauſe it does not contain 
F thoſe ſaponaceous and mucilaginous juices 
N which theſe do, and with which the water 
is combined and detained. Hence ſandy 
© foils often want a ſufficient quantity of moi- 
4 ſture for the nouriſhment of plants. Hence 
5 they are very hot, becauſe ſand is ſuſcep- 
N tible of a greater heat from the influence of 
the ſun, and will retain it longer than water 
ö does. 


SaAxp cannot ſwell by the addition of 


water; becauſe that quality in rich ſoils is 
{ owing to an inteſtine fermentation, which 
goes on in them But in ſand there are no 


particles, and in ſandy ſoils too few, which 


| are capable of fermentation. Hence a de- 
fect of nutritious particles in ſandy ſoils, 


Inſtead of ſwelling, it diminiſhes in bulk 
when wet ; becauſe the water ruſhing in, 
diſpoſes the particles more regularly, fo 

: 1 


35 The Principles of Part I, 
that the interſtices are better filled up than 
before, and its bulk leſſened. 


TRE faults, then, of the ſandy ſoil are, 
that it lets water paſs through it too eaſily, 
and that it contains too few nutritious par- 
ticles. Whatever compoſt is uſed to this 


ſoil, muſt correct one or both of theſc 


faults. Clay will help it to retain the wa- 
ter; but then it is not richly ſtored with ve- 
getable food. Woollen rags anſwer both 
purpoſes very well, as they contain a great 


quantity of mucilaginous juice, which ſerves 


equally well in nouriſhing plants, and in 
detaining moiſture. 


Taz compoſt that appears to me to be 
one of the fitteſt is moſs: for it is as im- 
pervious to water as clay, nay perhaps 
more ſo; and as it is a vegetable, contains 
more oil than any other that I know. "This 
reaſoning is confirmed by fact. A gentle- 
man laid ſome of this manure on a {mall 


part of a field, conſiſting of a very light 


fandy ſoil. The oats which grew that year, 


and 
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and the clover which grew the following, 


were much better on that part than on the 
reſt of the field. 


TEE following experiment Was tried on 
equal portions of about three feet ſquare, 
in a very light ſandy ſoil, during the laſt 
ſummer, which being very dry makes the 


experiment more concluſive, 


Exp. 8. No. I. was covered and incorpo- 
rated with two inches deep of clay. No.2. 


with three inches. No. 3. with four inches. 
No. 4. had two inches of clay with the 
common quantity of lime laid on ground. 
No. 5. had three inches of clay with the 


ſame quantity of lime. No. 6. had four 


inches of clay with the ſame quantity of 
lime. No. 7. had two inches of clay with 
the uſual quantity of dung. No. 8. had 


three inches of clay with the fame quantity 


of dung. No. 9. had four inches of clay 
with the ſame quantity of dung. No. 10. 
had fix inches of clay. No. 11. had the 


fame with lime. No. 12. had the ſame 


D with 
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with dung. No. 13. was the light poor 
ſandy ſoil without any addition. No. 14. 
had the uſual quantity of lime added to the 
ſoil. No. 15. had the uſual quantity of 
dung added to the ſoil. 


July 2. No. I, 2, Js % 6 Arc all bad. } 
No. 7. very good. No. 8, 9. exceeding 
good. No. 10, 11. very bad. No. 12. 
exceeding good. No. 13. is the worſt of all, 
and ſcarcely bears any thing. No. 14. bad. 


No. 15. pretty good. 


Augr/t 13. No. 1, 2, 35 45 5 6. bad. . 
No. 7, 8, 9. exceeding good and heavy | 
grain. No. 10, 11. are all withered. No. 12. 5 
exceeding good. No. 13, 14. carries no- 


thing. No. 15. pretty good. 


FRO M this experiment the following 
uſeful concluſions ariſe. 


Corol. 1. A poor ſandy ſoil, when of it- | 
ſelf it was able to produce no grain in a 
dry ſeaſon, was fructified to a conſiderable 
degree by dung alone; but clay alone, and. 
lime alone, did it but very little ſervice. 
5 Cor. 
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Cor. 2. Light ſandy foil is not much 
benefited by a mixture of clay and lime; 
but clay and dung enrich it to a prodigious 
degree, and make it capable of bearing 
a dry ſeaſon, which of itſelf it can fo little 
ſtand. While all vegetation was ſtopt in 
the ſoil alone, an addition of clay and 
dung produced one of the beſt crops that 1 


ever law. 


Cor. 3. Though theſe concluſions agree 
in general with regard to all ſorts of grain, 
yet as different kinds were ſown, I obler- 
ved that oats agreed better with clay, and 
clay and lime, than either barley or peaſe ; 
but that the two laſt agreed better with 
the clay and dung than the oats. 


SAND, however hard it is, ſeems to be 
moſtly compoſed of a mucilaginous, oily 
ſubſtance ; as appears by the following 
trial. 


Exp. . February q. I put 10 grains of pure 
fea-ſand, pounded in a mortar, into a phial 


D 2 with 


40 The Principles of Part I, 
with one drachm of oil of vitriol; the ſame 
quantity of ſand with the ſame quantity of 


{pirit of nitre, in another glaſs ; the ſame 


with ſpirit of ſea-falt, in a third. March 28, 
the acids appeared turbid. I mixed with 
each ſome water, that I might get the ſand 


cater away by itſelf, and that the particles 
mixed with the acids might be more eaſtly 
ſeparated. The ſand in the firſt glaſs weigh- 


ed 7 gr.; and that in the ſecond and third, 
6Z gr. That I might precipitate from the 
liquors whatever was diſſolved by the acids, 
I mixed with each as much pearl-aſhes as 
was neceflary to ſaturate the acids. After 
the efferveſcence was over, there was a 
brownith oozy powder at the bottom of the 
ol. vitriol. and an oily ſubſtance at the bot- 
tom of the other two, which was quite dif- 
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tinct from the water. What was precipi- 


tated from the ſpirit of nitre, was yellow; 


from the ſpirit of ſalt, was white. The for- 


mer, when ſeparated from the water, defla- 
grated with melted nitre, which ſhowed it 
to be of an o:ly nature; but the latter did 
not. I muſt obſerve here, that the fine 

powder 
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powder of flint has a ſenſible deflagration Z 
with melted nitre. 


As lime is a powerful diffolvent, eſpe- 
cially of oily bodies, I imagined that lime 
might have ſome ſuch effect on ſand, diſ- 
ſolve it into a mucilage in the earth, and 
in this way ſand might be converted into a 
fit nouriſhment for vegetables. This per- 


haps might be, I thought, the reaſon why 
lime and ſand took ſo firm a bond toge- 
ther, when lime alone does not adhere. 
This appeared to me yet ſtronger, when I 
conſidered, that any mucilaginous or oily 
ſubſtance, ſuch as whites of eggs, train, oil, 
c. when mixed with quick-lime, make it 


take bond. I therefore tried the following 


experiment. 


Exp. 10. I took a certain number of 
ſmall pieces of flint, which is allowed to 
be of the ſame nature with fand, weigh- 
ing 1 dr. 524 gr. and added a quantity of 
lime and water to them. They lay a- 

„ mongſt 
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mongſt the lime from the gth of Pebruary 
-to the 23d of March. When taken out, and 
dried, they weighed the ſame as when put 
in. 


Tap. 11. That I might ſee what effect 
the mucilage extracted from ſand by the 
acids, would have on quick-lime, I added a 
very ſmall quantity of the mucilage from 
both acids to quick-lime, and baked them 
together into a paſte. Some of the ſame 
lime was made into a paſte with wate 

alone. After they had lain for four weeks, 
and were entirely dry, neither of them hac 

taken bond. 


THESE experiments would ſeem to be 
in oppolition to the former theory. The 


queſtion, however, is of ſuch uſe, eſpecially | 


with regard to building, that it deſerves to 
be further conſidered. 


SE CI 
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Of the chalky foil. 

" SHALL fay little about this ſoil, becauſe; 
as it is to be found only in few counties 
in England, IJ have not yet met with it; 
and I ſhall relate nothing on the faith of 
f thoſe who reaſon without the aſſiſtance of 
experiment. 


CHALK is an abſorber of acids, and 
has no oleaginous particles in its compo- 
ſition, but is a powerful attracter of them. 
Hence the proper manure for this ſoil muſt 
be thoſe bodies which contain moſt oil, [ 
as hair, rags, Oc. It ſeems to have but a \ 


C I "a 
y very weak attraction to water; and, there- i 
„ fore, will be generally too dry. This foil : 
1s obſerved by farmers to cake after heavy 2A 
rains, | 


SE 
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FECT. 


Of till. 


have a reddith, gray, or yellowiſh co- 
lour, are poor, will bear nothing, nor can 
be fertilized fo caſily or ſpeedily as the for- 
mer ſoils. Sometimes they render all at- 
tempts fruitleſs. This foil muſt, therefore, 
not only contain no vegetable food, but it 
muſt often contain a vegetable poiſon; elſe 


it would always become fruitful by the ap- 
_ plication of compoſts. What this poiſon is, 


mult be the ſubject of our preſent inquiry ; 


for unleſs we know it, we cannot know I 


whether there is a remedy for it or not. 


TEE following experiments were per- 


formed on ſome of this unfruitful earth 
ſhown me by an experienced farmer. 


Exp. 12. It efferveſced viſibly with vine- 
gar and oil of vitriol diluted with water, 
but 


Armens call thoſe ſoils 71, which Þ 
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but had a peculiar irony taſte, and turned 
| buck with galls. 


[ 2 Some of this earth calcined in 
a ſtrong fire for two hours, was almoſt all 


| unrated by the magnet. 


p 


Exp. 14. It did not deflagrate with melt- 
dd nitre. 


| Exp. 15. Four ounces of brown till well 
t dried, being diſtilled, in ſix hours gave two 
e | | Grams of a phlegm, which ſhewed no acid 
. | or alkaline nature. 


9 3 
z From theſe experiments it appears, that 


this ſpecies of till contained neither ſalts nor 

| oils, but was a compoſition of earth and 

iron, The poiſonous quality of this ſoil 
— | muſt then have depended on the latter bo- 
h | dy, which we may obſerve by the firſt ex- 
periment is diflolvable in all acids, and in 
that ſtate may enter the veſſels of plants. 


— þ We {hall afterwards fee that it will meet 
TY | | with 
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with acids. This reaſoning is put beyond 


all doubt by the following experiment. 


Exp. 16. T took one pound of good rich 


mould, and mixed with it one drachm of 


ſalt of ſteel; put it into a pot, and ſowed 
ſome barley in it in the beginning of May. 


Some of them ſhot up about an inch, look- 
ed very ill- coloured and ſickly, and then 
died; while other grains in another pot, 
filled with the ſame earth, throve very 


well. 

Tus a very ſmall quantity of iron, 
diſſolved by the vitriolic acid, rendered a 
great quantity of rich earth unfruitful, and 
therefore ought to be looked on as the ve- 
getable poiſon of till. If this poiſon can 
admit of a cure, I imagine it is only to be] 
found in lime or marle, which will attract] 
the acids from the iron, and make it, at! 
leaſt in a great meaſure, indiflolvable in] 
mer. 


/ Troverns 
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THOoUGH the admixture of iron with 
the ſoil may be a very general cauſe of un- 
J fricfulnes yet it ſeems not to be the only 


N one. A great deficiency in ſome of the 


principles neceſſary for vegetation, muſt 
have the ſame effect. Thus farmers often 


| give the name of till to indurated clays, and 


particularly to thoſe which they find below 
the ſoil. The common farmer is afraid of 
ſtirring it up with the plough, becauſe it 


is unfruitful : But the more judicious, will- 


ing to deepen his ſoil, takes it up by little 
and little, and finds that lime, dung, and 
air, readily fertiliſe 1 it. 
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S ECT. Ts 


Of the 127 foil. 


SHALL not enter into a diſcuſſion of the 

origin and nature of moſs: It is now 
allowed by every body to be a vegetable 
ſubſtance. The following experiment is a 
proof of it. 


Exp. 17. Half a pound of powdered peat 


gave me by diſtillation, during the two firſt : 


hours, 2 Oz. of an acid empyreumatic li- 


quor, which was of a yellow colour, and 


ſhowed its acid nature, by efferveſcing with 


ol. tart. p. d. The ſtrongeſt fire continued Þ 
for nine hours longer, gave me 2 dr. of a 
reddiſh empyreumatic liquor more a cid rh | 
the former, and 1 ſer. of a thick dark-co- 
loured oil. There was beſides about the! 
neck of the retort, a great quantity of red 
oil, which was too heavy to come over. 


The reſiduum was black. 


Exp, 
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Exp. 18. 3 peat burnt in the open 
fire, gave me about the two and thirtieth 
part of alkaline ſalt. 


HEN OCE we ſee, that peat affords the 


therefore mult be claſſed amongſt them. 


IE only method, then, to make this ſoil 
N fruitful, is to make the vegetable undergo 
N a degree of putrefaction, by ploughing the 
< : ſoil, and ſo killing the plants. All vege- 
N 
. 


tables turn to rich ſoil when they have un- 
dergone a degree of corruption; even oak 
| bark becomes in time rich black mould. 
The parts will be the ſooner ſeparated, if 


ed 
ea ſome earth or clay is added to the moſs; 
1 
*. for moſs of itſelf is rather an enemy to cor- 
N 

ruption. All kinds of vegetable ſubſtances 
co- 
he and animal bodies are preſerved uncorrupted 
cal for whole ages in moſs-holes. Abſorbents 
RE are known from experience to be promoters 


of corruption. The various kinds of marl, 
w . 


"xp. 


ſame principles as other vegetables do, and 
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when they can be got, particularly the 
ſhell-marl, would ſeem to be the proper- 
eſt manures for this ſoil. Lime, as it ap- 


pears to be a great diſſolvent of all vege- 
table bodies, may have good effects on this 


ſoil. 
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PART 


SECTIONS 


Je natural methods of providing vegetable 


Avinc aſcertained the properties 
of the different ſoils, the next thing 
; we have to do is, to examine in- 
: to the nature and properties of whatever 
i is obſerved by experience to fructify 
ground, whether it be applied to the ſoil in 
a natural or artificial way. If we can 
diſcover ſome qualities in which all theſe 
manures agree, we ſhall arrive at the Know- 
| ledge of what we are in ſearch of, viz. the 
| food of vegetables, or at leaſt of thoſe prin- 
ciples which go to the compoſition of that 
food. Let us firſt inquire into thoſe ways 
by which nature fructifies the earth, 


E 2 Is 
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Ir earth is exhauſted of its vegetable 


— —— 
— Len 
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q . . . 
| food, experience has diſcovered, that it re- 
if * | "BY: . | . . 1 * 

1 covers it again, if allowed to lie idle. Ibis 


yo 
— 
ID 


ſhows, that the vegetable food is continual. 
ly on the increaſe, when the earth is not 
robbed of it by the crops it bears. We dil. 
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i cover immediately whence this food comes, 
i __ when we attend to theſe two facts; that 
0 the more the ſoil is expoſed to the air, the 
Y vegetable aliment is the ſooner procured, 
' and in greater quantity too; and that when 


the ſurface is buried by the action of the 
| plough, and a new ſoil brought up, that 


(i 

1 ſoil, though ſeemingly as good as the for- 
© mer, produces bad crops, till it has re- 
10 ceived for ſome years the benefit of the at. 
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moſphere. 


"4 3 
FALLOWING is a conſtant proof of this. 


The ſoil is frequently broke down and 
turned over by means of the plough, and 
every part of it is expoſed to the influence 
of the air. That the communication of e 
the earth, by the mechanical action of the Ith 
plough, is not the chief means of increaſ- 


ing 


\ 
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| ing the vegetable matter, as Tull aſſerts, 
b: appears plainly from theſe two facts; that 
N even the lighteſt ſoil is the better of fal- 
; hn ; and that when fallow ground is 
laid up in ridges, more benefit is received 
than when it is left quite flat. 


Bor this nutritious influegce of the air 
is yet more obſervable in thoſe earthen dikes 
|: or walls made of the ſoil taken from the 

| furface, and thrown up to incloſe the ſheep- 
| folds. Theſe dikes are expoſed to the in- 
| fluence of the air, which paſſes through 
| and through them for many months. The 
| ſoil thus expoſed is rendered prodigiouſly 


y | fruitful, ſo that it is ealily diſtinguiſhable 
by the quantity and deep green colour of 
the grain, from the internal parts of the 

8. fold, which have been well manured by 


d || the urine and dung of the ſheep. It is 
\q [likewiſe remarked by farmers, that the 
earth of the dike laſts for three or four 
of | years longer fruitful than the other part of 
be || the ſheep-fold. 


E 3 ; IIS 
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Tris chief inſtrument, then, that nature 
makes uſe of to enrich the earth, is the air, 
Iven the richeſt ſoils require its continual 


influence. On what principles of the air 


this fructifying quality depends, we cannot 


_ inquire, until we have aſcertained the na- 
ture of the different manures which ſeem 


to operate by attracting thoſe principles 
from the air. The ſtrong and laſting vege- 
tative power which the air communicates 
to the earth, ſhould teach us to make a 


greater uſe of its influence than what we 


do. Why ſhould we not raiſe the whole 
ſurface into fold-dikes ? Other manures do 
not operate till the ſecond or third year at- 


ter they are laid on; this operates imme— 
diately. A farmer cannot, at a medium, 
dung an acre under 5 /; this might be 
done for 30 %. Dung fills the ground with 


weeds; this method cleans it. Manures 
cannot be found every where ; this prac- 


tice may be followed in all places. It 
would be particularly good for clay ground, 
as the viciſſitudes of the air pulveriſe 
greatly. 4 
Dw 


1 
4 
1 
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Dx is reckoned by farmers a great fer- 

tiliſer of the earth. It ariſes from the per- 

ſpiration of the earth, of vegetables and a- 

nimals in a ſound ſtate, and their exhala- 

5 tions in a corrupted one. The earth re- 

b taining its heat, after the ſun's influence is 

N weakened, elevates theſe attenuated par- 

ticles; but the air cooling ſooner than the 

| earth, from its rarity, condenſes them at a 

þ little diſtance from the ſurface ; and thoſe. 

; which become ſpecifically heavier than the 

air, fall on the earth again. Hence dew 

| muſt differ according to the difference of 

0 the bodies from which it proceeds. Its 
contents are therefore various; but experi- 

e- ments have diſcovered, that it is compoſed 

1, Þ in general of oils, falts, and a great pro- | 
de portion of water. Of what uſe theſe prin- | 
th | ciples are to vegetation, we ſhall afterwards | 
es ſee. | 


ItÞ Rain-warTER, eſpecially in the ſpring, 
d, | has nearly the ſame contents. Margraaf, 
iſe Þ in the Academ. de Berlin, vol. 7. has ana- 
lyſed it with great accuracy, and ſhowed 


EW mat 


56 We Principles of Part II. 

that it contains a nitrous and a ſea-ſalt, 

with a conſiderable quantity of an abſorb. 

ent earth; which probably was united to 

a nitrous acid before evaporation, and con- 

X uently increaſed the quantity of nitrous 

falt very much. The ſalts were of a brown 

1 colour, which diſcovered its oil. As the 
water was gathered in the winter, it con- 
tained a ſmaller proportion of this laſt 
body, than if it had been gathered in the 


ſummer. 


Snow is juſtly reckoned amongſt thoſe 
bodies which fructify earth. I have obſerved 
a light floating oozy ſediment at the bottom 

of ſnow- water, after I had kept it three or 
four days. When ſnow melts, its ſurface, 
even in the tops of hills, is covered with a [ 
brown powder. Both rain and ſnow water t 
putrify ſooner than ſpring-water ; which | 
ſhows that they contain more oily particles 
than it does. 
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Exp. 19. A pound and an half of ſnow- 


water being evaporated, gave 2 dr. of a 
reddiſh 
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reddiſh liquor, which had little taſte, and 
diſcovered nothing ſaline in it. I ſet it in 
a cellar for fourteen days; and when I took 
it out, it was covered with a mouldy ſub- 
ſtance. This mould, when dried, burnt on 
a red hot iron to a powder. Hence it ap- 
pears, that ſnow contains an oily ſubſtance. 
Margraaf having evaporated a greater quan- 
tity of ſnow-water, diſcovered the ſame 
falts and earth as in rain- water. 


THE overflowing or water-flooding of 
low grounds may be reckoned amongſt the 
natural methods of improving the ſoil ; be- 
cauſe flat meadows are often naturally o- 
verflowed, either by rains, or by the rain- 
water falling from the higher grounds. E- 
2ypt is naturally overflowed once a- year by 
the Nile, and rendered by that means 
_ exceedingly fertile. Spring- water is even 
found to be of ſervice to ground, but not 
ſo much as river- water, eſpecially ſuch as 
has run through a fertile country, and is, 
at that time, full of the ſubtiler particles 
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of the ſoil waſhed off from the rich grounds 
by rains. As theſe waters are impregnated 
with the ſubtile earth, and the ſaponaceous 
juices of thoſe ſoils over which they have 
run, when they ſtagnate, theſe nutritious 
particles ſubſide, and enrich the ground. 
The river Nile depoſites a rich oozy mud, 
which is ſo full of putreſcent particles, that 
its ſteams ſeems to be the cauſe of the 
plague raging ſo much in Egypt, By this 
addition of ſoil it receives every year, the 
level of the ground is conſiderably higher 
than it was. Hence too the vallies in all 
countries are much richer than the riſing 
grounds ; as the rains waſh great part of 
the vegetable matter from the latter, and 
leave it in the former. 


ArT often imitates nature in this me- 
thod of improving land, and Jets in the 
ſtreams of rivers to cover the fields. This 
is moſt frequently done in the ſpring, when 
theſe waters are moſt impregnated with 
nutritive particles. This water after it has 

depoſited 
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depoſited all its particles, which it does in 


four or five days, is let off quickly; leſt, 
by gradual evaporation, it ſhould cake the 
ground, and hinder the graſs to come up; 
which is the great danger attending it, and 
for which it is thought improper for clay 
grounds. 


IT muſt be obſerved here, that there are 


| ſome waters which are extremely prejudi- 


cial to grounds, ſuch as coal and ſteel 
waters. This is owing to the quantity of 
iron which both theſe contain. All ſulphur 
waters are likewiſe hurtful to ground; we 
ſhall afterwards ſee that ſulphur 1s a poiſon 
to plants. 


8 E 
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LECT. 


Of Manures, Ir the artificial methods of Pro» 
viding vegetable food, 


4 ſubſtances, committed to the earth 
under certain regulations, make it more 
fruitful. Theſe ſubſtances belong either 
to the foſſil, the vegetable, or the animal 
kingdom. The foſſil include the different 
kinds of marl; calcarious ſtones, ſuch as 
lime-ſtone, chalk, Sc.; and quick: lime. 
The vegetable include all vegetables, and 
their juices, either in an entire or a cor— 
rupted ſtate; the aſhes of burnt vegetables; 
the oils extracted from vegetables and ſoot. 
The animal include calcarious ſhells, entire 
or corrupted ; horn-ſhavings or tips; wool- 


len rags; and all animal ſubſtances, ſuch 


as dung, urine, &'c, I ſhall treat of theſe 
in their order, 


FNXPERIENCE has ſhown, that certain 


229 
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I am not to lay down the method of uſing 
theſe ; = I ſhall take no notice of that, but 
where it tends to ſhow their method of ope- 
rating. My deſign is to take a view of 


E thoſe qualities belonging to them, by which 
they are capable of operating on the ſoil, 


and producing certain effects on the vege- 
tation of plants. 


SECT. 
Of Marl. 


Hs is a foſſil body which feels 
unctuous and fat betwixt the fingers 

| and reſembles clay in a great meaſure, in- 
ſomuch that marl, though a very different 
body, is often confounded with it. It is di- 
ol- vided into many different kinds, which 
ch may all be included under theſe two, clay, 
ele and ſlate or ſtone marl ; for what is com- 
monly called /hell-marl, is an animal ſub- 

I dance, and therefore to be claſſed amongſt 

} F: ti 
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them. The different colours of marl make 
no real difference as to their properties. 


Exp. 20. It is a diſtinguiſhing and cha- 
racteriſtical property of this body, that, 
when it is put into water, it falls down 
into a powder. The clay marl diſſolves 
much quicker than the ſtone marl. This 
quality muſt be owing to the weak adhe- 
tion of its particles; ſo that the ſmall force 
with which water enters its pores, is capa- 
ble of ſeparating the particles of the marl. 
By this property it is ſufficiently diſtin— 
guiſhed from all the earths which we have 
mentioned; and particularly from clay, 
which does not fo ſpeedily admit the en- 
trance of water. 


As marl is ſo much opened by water, ſo 
as to loſe its natural coheſion entirely, we 
ſee how much it will favour the eſcape of 
water from ſuch grounds as have been ma- 
nured with it. Clay grounds, after they 
have been marled, become much drier. 


It is owing, I imagine, to the wa ter get. 
ting 
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ting off ſo quickly, that tharled grounds, 
as is obſerved, are leſs affected by froſt, 
than the ſame ſoils which have not got 
any marl. A 


Exp. 2r. It efferveſces with all the dif- 
ferent acids, and turns with them into a 
neutral ſalt. During the efferveſcence with 
| the oil of vitriol, a ſulphureous ſteam aroſe, 
which is a ſtrong preſumption of its contain- 
ing ſome oily ſubſtance. The clay marl 
ſeemed to diſſolve faſter than the ſtone marl, | 
and deſtroyed about a third more of the a- 
cids. This quality which marl has of at- 
tracting and deſtroying acids, is one of its 
diſtinguiſhing properties, without which no 
| ſubſtance can be called marl. In this qua- | 
lity it is likewiſe diſtinguiſhable from clay. 


well As farmers are extremely inaccurate in 
ol their terms, they often give the name of | 
ma- marl to bodies which do not efferveſce 
hey | with acids. That ſuch ſubſtances may and 
er. do fructify ground, is indubitable ; but they 
get · ought not therefore to be called marl. 
ting = Surely 
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Surely bodies which do, and bodies which 
do not efferveſce with acids, are very dif. 
ferent in their nature, and ought to have 
different names. As the name of mar], 
then, is generally, ſo let it be only applied 
to the former claſs. The latter ſhould 
have ſuch names as will diſtinguiſh them 
from the former. This ſhews what con- 
fuſion there is in the terms of agriculture, 
and how much they ſtand in need of being 
defined. 
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Exp. 22. Another quality belonging to 
marl, by which it is diſtinguiſhed from 
clay, is, that it cannot be converted to 
| brick. It is indeed very much altered by 
7 a ſtrong heat: It loſes its antacid quality | t 

729] while it remains unpowdered ; and is no 
A longer diſſolvable in water, as it was be- 
fore; but ſtill it is very different from a 
half-vitrified ſubſtance; and I much quet- 
tion, whether or not it can, without any 
addition, be turned into glaſs. This is a © 


ſtrong proof, that it contains no ſalts, acid, F © 
alkaline, 
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alkaline, or neutral; for theſe are capable 
of vitrifying lime when added to it. 


Exp. 23. I could not get any falt from 


theſe marls, either by ſimple lixiviation, 
or diſtillation, though I urged them with 


the ſtrongeſt fire. The fire ſeparated no- 
thing but a little water, which appeared 
| to be gently alkaleſcent ; owing perhaps to 
g ſome of the finer marly particles which 
ö were carried up by the water. No oil ap- 
| peared in the diſtillation. When the pow- 
| der of marl was thrown on fuſed nitre, it 
| ſparkled a very little. This, and the ſul- 
| phureous ſmell ariſing when it was diſſol- 
ved by the oil of vitriol, would incline me 
to think, that it has a ſinall proportion of 
an oleaginous matter in its compoſition. 


Bur though perhaps it contains none, 


yet it ſtrongly attracts all oils. This is a 


quality which the chymiſts know belongs 
to all abſorbent earths; theſe they make 


ule of to ſeparate oils from other bodies. 


Hence it will attract and fix the oils which 
1 it 
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it meets with in the ground, which fall with 
the ſnow and ram; and even thole which, 
floating in the air, touch its ſurface. 


To enquire a little further into its na- 
ture, and ſeparate its antacid parts from 
the others, that we- might diſcover both ; 
£xp.24. I took half an ounce of ſtone 
marl in powder, and ſaturated it with ſpi- 
rit of nitre, by adding the acid in ſmall 
quantities for five days; the ſaline liquor 
was filtred through brown paper. There 
remained in the paper three drachms of a 
bluiſh adheſive earth, which, on trial, ap- 
peared to be a fine clay. To recover the 
other part from the ſaline liquor, I added 
ol. tart. þ. del. till no more lactiſcency ap- 
peared ; a white ſubſtance fell to the bot- 
tom, and was ſeparated from the liquor by 
filtration, This powder being waſhed with 
water, that all the ſalts might be ſeparated 
from it, and calcined in a ſtrong kitchen-firc 
for five hours, gave me a quick- lime, which 
afforded good lime- water. 


FROM 
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j FRO the ſame quantity of clay marl, 
treated the ſame way, I got three drachms 
and twenty-eight grains of clay, and thirty- 
two grains of a calcarious earth. 


From the ſame quantity of clay marl, 
ſaturated with vinegar, and treated the 
ſame way, I got two drachms and fifty- 
nine grains of clay; and the remainder 
- was a calcarious earth, which, being burnt, 
afforded good lime-water. 


| Taz ſame quantity of a different clay 
| inarl, treated the ſame way, afforded two 
drachms and fifty-four grains of clay, and 
one drachm ſix grains of a calcarious 
earth. 


| Tux ſame quantity of ſtone marl, treated 
the ſame way, afforded juſt the ſame pro- 
portion of clay and calcarious earth. 


* 


MaRI., then, is a body compoſed of lime 
and clay in different proportions, accord- 
ing to the different kinds of marl, and ge- 

5 nerally 


ou 


68 The Principles of Part II. 


nerally about one fourth of lime and three. 
fourths of clay. 


From this experiment we may eaſily 
account why marl falls in water, as lime 
ſtrongly attracts water ; and why it loſes 
this property when burnt, as clay becomes 
more tenacious by fire; why it cannot be 

converted to brick, as the lime hinders that 
cloſe adheſion of the particles of clay 
which is neceſſary to conſtitute brick; why 
it will not vitrify, as lime is an enemy to 
all vitrification; and why it ſhews a ſmall 
portion of oleaginous matter, as clay con- 


tains ſome oil. By mixing quick or rather 
effete lime with clay, or a clay ſoil, we 
imitate, in ſome meaſure, this production 
of nature, but fall vaſtly ſhort of her in 
the equality of the mixture, and perhaps 
too in the ſubtility of the particles. 


THERE is a body very ſimilar to marl 
in its appearance, but very different from | | 
it in its effects, and often found in the 13 
fame bed with the beſt marl. It is of a 
darkiſh 
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— 


darkiſh lead colour. Inſtead of fertilizing 


ground, it renders the beſt ſoils incapable 


of bearing any kind of vegetables for many 
years. I have ſeen the fpots on which it 


was laid entirely barren three years after. 
| J have heard of its effects continuing in 
| other places for a much longer time ; nor 
| is it certainly known when its bad effects 
| will end. A body ſo very deſtructive to 
| agriculture, deſerves to be well characte- 
| riſed, in order to be ſhunned; and well 
| examined, that we may know whence 
| proceeds this noxious quality, and how to 
| cure it when it has taken place. 


THosz who have been much uſed to 
marl, have already diſcovered a difference 


| betwixt it and this body. The former, 


they obſerve, takes a ſmooth poliſh from 
the inſtruments with which it 18 wrought, 
but the latter does not. As this quality 
alone is ſcarcely ſufficient to diſtinguith 
theſe two bodies from one another, let us 
apply to experiment for more. 


Exp. 
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Exp. 25. If a piece of it is taken up 
which has not been much expoſed to the 
influence of the air, it differs very much 
Inſtead of the ſmooth 
unctuous taſte of the latter, it is acid, and 
remarkably aſtringent. 


IT agrees with marl in falling down in- 
to a powder in water; but then it differs 
remarkably from it in raifing no efferveſ- 
cence with acids, nor in * leaſt dcltroy- 
ing their acidity. 


IT turns the ſyrup of violets red ; which 
ſhows, that it contains an acid ; whereas 


marl, like all abſorbent earths, gives it a 


green colour. 


THESE qualities are ſufficient to teach 
the farmer how to diſtinguiſh this poiſon- 
ous body from mar], and how to ſhun it. 
Let us now try if we can diſcover on what 


principles this poiſonous quality depends ; 
for if we can inveſtigate its nature, we may 


Beſides, all 


perhaps find out a cure for it. 
N purſuits 


*. 


24S 
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4 purſuits of this kind lead us directly to the 


true ſyſtem of vegetation. The vegetable 


is like the animal body, whoſe nature is 
aſcertained as well by what does it harm, 
as by what does it good. — 


Fou my experiments in the ſection on 


till, I imagined that its poiſonous quality 
might depend on its containing ſome ſalt 
: ot ſteel. I, therefore, directed moſt of my 
| trials on this body with that view. 


Exp. 26. Some of it was infuſed in warm 


water. The water had a greenith colour, 


taited gently acid, and very aſtringent. It 
gave the ſyrup of violets a pale red colour. 
Ol. tart. p. d. dropt into it made no ſenſible 
efferveſcence, but ſeparated ſome air bub- 
bles, diſcoloured it, and precipitated a pale 
red powder from it. Some of this powder 
was put into a cruſible, and kept in tlie 
fire for half an hour. I could recover but 
little of it again, and that not quite free 
from the ſubſtance of the cruſible; yet the 


magnet attracted ſome of its particles, and 


ſhewed 


+1 44 
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ſhewed that it contained iron. The liquor 


evaporated gave me a tartarus vitriolatus. 


TIE pure infuſion did not alter its co- 
lour much on an admixture of galls. But 


this was no proof that the liquor did not 


contain falt of ſteel; for an acid deſtroys 


this effect of the galls ; and the liquor, as 


we have already found, contained an acid. 
To deſtroy the acid, I poured in 01. fart. 
p. d. into the mixture of the infuſion, and 
galls ; it took immediately a browniſh co- 
Jour, and afforded a plentiful precipitation, 


which, in twenty-four hours, had taken a 


purple colour, 


I boiled a quantity s of the earth for halt 
an hour in water ſtrained and evaporated 


it. A white ſaline ſubſtance remained in 


the proportion of 6 grains to each ounce, 
which taſted exactly like ſalt of ſteel. This 
falt diſſolved in water, turned ſyrup of 


violets green, as does falt of ſteel ; and 


took a deep black colour with galls : Sut- 


ficient proofs of its being ſalt of ſteel. Nor 


1 
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can its white colour be any objection; for 
ſalt of ſteel reduced by trituration, evapo- 
ration, Cc. to a powder, is white; and the 
ſalt which I procured, was a powder. 


x 


. 
ut | ” 

+ © I appears, then, beyond all doubt, 

's that this ſubſtance conſiſts of an earthy 

as body like clay, about an eightieth part of 
d. falt of ſteel, and a ſmall proportion of the 

rt,  vitriolic acid. From other experiments 

nd | which I have made, the bad effects do not 


| ſeem to ariſe from the vitriolic acid; eſpe- 
n, cially as the acid here appears to be very 
12 volatile. But we have already diſcovered 
| the pernicious quality of falt of ſteel. Nor 

is it any wonder, that it ſhould exert itſelf 
my Bl powerfully here, conſidering the quan- 
ted | tity of this body laid on ground inſtead of 
| in | marl, and the great quantity of this ſalt in 


ice, it. The ſoil muſt be perfectly ſaturated 
This with it. . 

an 

and Bor how ſhall we correct the poiſonous 


Gul- quality, if, by miſtake, this or ſuch like 
Nor]! bodies ſhould be uſed? For coal produces 
* _ 


Can 
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the ſame effects from the ſame cauſe. There 
ſeems to be no other method but that of 


decompoſing the ſalt; ſo that the ſteely part 


may be no longer diſſolvable in water. The 


air, by volatilizing the acid, and leaving 
the chalybeate particles behind, has that ef- 


fect, by gentle degrees, on ſalt of ſteel, 


when it is diſſolved in water. But, in the 
preſent caſe, the acid would not reach the 
ſalt, unleſs the ſoil were frequently turned 


over; and even then much of the falt F 


would be defended by the oleaginous par- 
ticles of the ſoil. Marl appears to me to 


be the proper cure; for that abſorbent 


earth, having a ſtronger affinity to the acid 
of vitriol, than what the iron has, will unite 
itſelf with the acid, ſeparate the chalybeate 
particles, render them inſoluble in water, 
and conſequently unfit to enter the veſſels 
of plants. A conſiderable ſhare of the 


good effects of marl in all grounds, may, | 


perhaps, be owing to this ſpecial effect, 
viz. the deſtruction of a body, which, 
in proportion to its quantity, deſtroys all 
vegetation. 

TIERE 


1 * 
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THERE is another foſſil body very ſimi- 


lar to marl in its appearance, and ſome 


of its qualities, and may be miſtaken for 
it. It is called by ſome writers ſoap- 
rock, from its fimilitude to ſoap, and its 
being often found in rocks; though I have 
known 1t lying on the ſurface in great 
quantity. As none has yet analyzed it, we 
ſhall undertake that taſk. 


Exp. 27. It is ſometimes of a bluiſh, 
ſometimes of a reddiſh colour; and when 
moiſt, feels exactly like hard uy betwixt 
the fingers. 


Tr falls like mar when put in water; 
if it is well mixed with the water, it ſepa- 


rates into different parts from their diffe- 
rent ſpecific gravity; at the bottom there 
is a layer of large grey particles; above 


that are ſome darker; next thoſe of a 
dark brown colour; and the uppermoſt 
is a light white powder; a great deal of 


which was ſuſpended in the water for 20 


hours. 


G 2 = 
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IT efferveſces with none of the acids, 


In this it differs from marl. 


Exp. 28. Some of it was lixiviated in 


water; which being evaporated, gave A 


very little fea ſalt. 


* 


SoME of it was calcined for 4 hours in a 


ſtrong kitchen fire. The bluiſh remained 


of the ſame colour; but the red turned 
lighter 1 in its colour. The firſt contained 


a few particles, which were attracted by 
the magnet; the laſt almoſt none. It fell 


as ſoon as the unburnt in water, and with 
the ſame appearances. 


I diftilled 4 ounces of it in a ſtrong heat 


for 8 hours, and it gave me only one ounce 


of pure water. 


IT did not detonate with nitre in fuſion, 
but ſome few ſparks appeared, which ſhews 
that it contains oil. 


IIS 
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THr1s oil I extraQted, by boiling 4 ounces 
of it with 2 ounces of potaſhes for many 
hours; to this decoction I added fpirit of 
nitre, and got a precipitation of a red 
heavy oil, which detonated with. nitre in 
fuſion... 


I took 4 ounces of it, and waſhed off 
the light earthy parts by mixing water 


often with it; in this way I got 10 drachms 
of a whitiſh powder, which appeared to be 
clay. The remainder was compoſed of 
| two parts, a fine grey powder, which ap- 
| peared to be ſand; and ſome large parti- 


cles, white and green. Theſe did not ef- 


ferveſce with acids, nor yeilded a tincture 
of ſpirit of wine; but felt ſoft and unctu- 
ous in the mouth, and when boiled with 
ſoap-aſhes, and ſpirit of nitre added to the 
lixive, afforded a heavy oil. This ſhews 
them to be of an olly nature. 


SoAP-ROCK appears from theſe experi- 


ments to contain near a third of clay, a 
G 3 1 


4 ; 
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much greater proportion of ſand, and a 
body of an oily heavy nature. 


THAr I might go a little further, and 
diſcover its effects in vegetation, and with 
what foils it would agree beſt, the follow. 


ing experiment was tried though late in the 


year. 


Tub. 29. A pot was filled with the POOr- 
eſt earth that I could find; this I ſhall call 


No. 1. No. 2. ſame earth with a third of 


foap-rock. No. 3. very ſtrong clay with a 


third of ſand. No. 4. the ſame clay with 
a third of ſoap-rock. No. 5. ſoap-rock | 


alone. In theſe pots I ſowed barley. 


TEHE plants ſeemed to grow beſt at firſt 
in No. 2 ; but afterwards No. 4. produced 


the moſt. In No. 5. the plants were longer 


of appearing, and feemed more ſickly than 
the others. 


LOY 


SECT. 
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SECT. Ml 


Of unburnt calcarious bodies, and quick-lime: 


HaLk is reckoned, by the generality 


of writers, a good manure for all wet 
clay grounds; for it makes the earth looſe 
and hollow; Keeps it dry; and, as the 
farmers expreſs it, ſweetens the ſoil. The 
ſoft unctuous kind is thought the beſt. 


Farmers think that it ex hauſts the ſoil 
very much; and therefore they generally 


adviſe dung to be laid on along with it. 


Lime-ſtone gravel is much uſed in Ireland 


as a manure. 


THESE calcarious bodies are not diſſol- 


vable in any way but by acids. With theſe 


a great efferveſcence happens, a ſolution 
of the calcarious body is made, and a neu- 


tral ſalt is formed from that conjunction. 


This neutral ſalt is always ſoluble 1 in water, 
unleſs where the acid of vitriol is uſed. 


THESE 


— 
—— 
— 
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THESE calcarious ſtones, when burnt in 


a ſtrong fire, turn to quick-lime, a body 
much uſed in farming. It attracts acids 
much more than it did before, and is now 


in a ſmall degree ſoluble in water, without 


their aſſiſtance. It is not, however, on 
theſe ſoluble parts that its fructifying power 


depends; becauſe it has no ſenſible effect, 


except in killing vermin the firſt year, when 


theſe parts are moſt ſoluble in water. Lime 
is probably effete, and no longer ſoluble, 
when it begins to act on the ground, and: 
aſſiſt vegetation. The lime of old houſes, 
which is quite effete, is reckoned better. 


than freſh quick-lime.. 


THERE is a very great attraction betwixt 
quick-lime and all oily bodies; it unites 


intimately with expreſſed oils. With this 


intention it is uſed in the manufacture of 
ſoap, to help the junction of the alkaline 


falts and oils. It muſt, theretore, attract the 
oils powerfully from the air and earth, diſ- 


ſolve them, and render them miſcible with 
water: It muſt, from this reaſon, ſoon ex- 


| hauſt 
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hauſt the foil of all its oleaginous particles, 


if the farmer does not take care to ſupply 
them by dung or animal ſubſtances. Farm- 
ers have by experience diſcovered it to be 


a great impoveriſher of lands, but they did 


not know how it ated. Its operation is, 


to exhauſt the earth of its oils. Lime laid 


on ground wore out by continual crops, 


rather hurts it than improves it ; becauſe it 


does not meet with oil or oleaginous bodies 


to act upon, and blunt it. The proper cure 
for this is, to mix dung with the lime, fo 


that it may have ſomething to act on. 


Liuz is a great diſſolver of all bodies, 


both vegetable and animal, but particularly 
the latter. We know how ſoon it diſſolves 


hair and woollen rags into a pulpy ſub- 


tance: This effect is ſo ſtrong, that, in 


the common method of ſpeaking, it is ſaid 
to burn them. In this way it certainly ope- 


rates in the earth, by diſſolving all animal 


and dry vegetable ſubſtances, and con- 
one them to the nouriſhment of vege- 


tables, 
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Abbes, at leaſt ſooner than otherwiſe they 
would be. 


Tims powerfully reſiſts putrefaction, as 
is diſcovered by many experiments. It does 
not appear, therefore, very judicious to mix 
quick-lime with dunghills, which are not 
yet ſufficiently putrefied, as it muſt ſtop 
that proceſs. When once that proceſs is 2 
finiſhed, many good effects may ariſe from ii 
their junction, and particularly that of | 
hindering the oils to be volatiliſed, and of 
fixing them. 


IT is obſerved of lime, that it is conti- iſ 
nually falling downwards, ſo that, in a. few 
years, the greateſt part of it is to be found 
lying together as deep as the plough goes. 
This is owing to its great ſpecific gravity. 


IT is likewiſe obſerved by farmers, that 
lime has a better effect on light ſoils than 
en ſtiff, for the firſt three years, but, after 
that time, its operation turns much weaker. 
Light foils are moſt pervious to the air; 
and 
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and as the good effects of all manures de- 
pend on the influence of the air, that in- 


| fuence muſt be ſtronger in open ſoils than 


in thoſe which are more compact; but as 


that ſoil has the looſeſt texture, the lime 
| falls quickly through it. 


BESsIDES, by mixing itſelf with the ole- 


aginous particles of the ſoil, and convert- 


ing them to the nouriſhment of plants, 


lime becomes in this ſenſe a provocative'to 


| the ſoil. In promoting the work of vege- 
| tation, it will ſoon exhauſt all the oils of 
| the light ſoils, which contain them but in 
| {mall quantity, and when they are all ex- 


traneous, for ſand can afford none. But 
a clay ſoil, containing in itſelf a conſide- 
rable quantity of oil, and that not fo eaſily 
ſoluble, is not ſoon exhauſted. An addi- 
tion of an animal or putrefied vegetable 


| ſubſtance to theſe light ſoils, would remedy 


this defect. 


8 EC 
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e 


Of vegetables in an entire and in a corrupted 
ate, and of dunghills. 


\ J 7 E come next to treat of thoſe ma- 
nures which are drawn from the 


vegetable kingdom. All vegetables, unleſs c 
ſome noxious ones, nouriſh plants. Malt. t. 
duſt is reckoned a good manure. Bark te 
of trees, and ſaw-duſt, are recommended al 


by ſome writers. We learn from Columella at 
that the ancients laid the lees of their olive th 
oil on the ground, and found it of great th 
benefit. And, indeed, it is not to be won- bu 
dered at, that the juices of vegetables alrea - mi 
dy concocted, ſhould prove a nouriſhment in 
to other vegetables. But it requires much ¶ ſta 
time, before theſe can be reduced to ſo 
ſmall parts, and ſo diſſolved, as to be capa- 
ble of entering the minute veſſels of plants. 
This is moſt expeditiouſly and moſt effec- 
tually performed by the means of corrup- 

tion. 


ſub 


- 
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tion. Hence we may ſee the reaſon, why 


the bun or woody part of flax has no good 


effect on ground, as the juices are al- 
ready extracted, by the previous putrefac- 
tion which the flax has undergone in the 
proceſs of ſteeping, and little now remains 


but mere earth. 


ThE different ſpecies of ſea-weed, eſpe- 
cially the kelp, are found very ſerviceable 
to land. Theſe weeds are of a ſoſt pulpy 
texture, and eaſily diſſolve. Beſides, there 
are no plants which contain ſo much ſalt, 
and ſo much oil, in proportion to their ear- 
thy parts. The falts are in ſuch quantity, 
that the kelp, though very dry, will not 
burn ; as all falts, nitre excepted, are ene- 
mies to fire. The oils are diſcovered to be 
in great plenty, becauſe this plant, notwith- 
ſtanding theſe falts, putrefies very ſoon. 
The aſhes of this plant * conſiſt of about 
equal parts of alkaline falt, ſea-ſalt, an oily 
ſubſtance, and an earht. 


* Vid. Experiments on bleaching, part 3. ſect. 6. 


= DunG 


= » — —— — * 6 by 
i - 2 8 4 * — — 
22 IHR 4 2 * : . 
$ — — — — — — — 
— 
. 


— — —- — 


Was ©. 4 — 
.... 
— re NS 


— we 


— 


4 
— at” ee ae rn ere. 


— — — — 
r A 
r 
SO — — 


2 Principles of Part II. 


Dux probably was the manure firſt 
uſed by farmers, as all vegetables ſponta- 
neouſly turn to it, and as accident muſt 
ſoon have diſcovered its good effects. It is 
the manure at preſent moſt uſed. "The 
manner in which it is made, is, therefore, 
a ſpeculation worthy of our attention, and 
may lead to ſome uſeful hints in the ma- 
nagement of dunghills. 


PurRETACTIoN is defined by chymiſts 
to be an inteſtine motion of a body, where- 
by the union, texture, colour, ſmell, and 
taſte are deſtroyed. 


THERE is no change ſo common in na- 
ture, as that of bodies from an entire to a 


corrupted ſtate. All vegetables, whether 


acid, ageſcent, alkaleſcent, auſtere, aroma- 


tic, inſipid, cold or hot, are liable to cor- 
ruption, and generally end in it. The al- 
kaleſcent, ſuch as onions, celery, &'c. run 
immediately into corruption, without un- 
dergoing the other two fermentations ; but 


the aceſcent can be made firſt to ferment 


into 
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into wine, and generally of themſelves un- 
dergo the acetous fermentation, before they 
fall into the putrid. Animals are conti- 
nually in the very confines of putrefaction; 
and when death ſtops the circulation and 
admiſſion of freſh juices, they fall imme- 
diately into it. Animals, and alkaleſcent 
3 plants, as they want that acid which a- 
| bounds in the aceſcent plants, have a great- 
er tendency to putrefaction, which every 
one knows is greatly retarded by acids. 
Next to the excrements, which are already 
in a ſtate of high prutrefaction, the blood is 
the moſt putreſcible fluid in the whole 
body; then the urine; and afterwards the 
ſolids. 


THERE are three circumſtances neceſſary 
to the proceſs of putrefaction, viz. moiſture, 
| heat, and the admiſſion of the external air. 
| Moiſture is neceſſary to ſoften the fibres of 
plants, that they may be capable of the in- 
teſtine motion; for we fee that dry ſtraw 
will not corrupt. Heat is likewiſe neceſſa- 
ry, in order to excite and promote that in- 

Hz ternal 
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ternal motion of the particles which con- 
ſtitutes putrefaction. As cold checks this 
motion, it is a great enemy to all corrup- 
tion. The admiilion of the external air is 
likewiſe neceflary, as no inteſtine motion 
can begin without its aſſiſtance. Hence 
bodies preſerved from the immediate con- 
tact of the external air, by being put in an 
exhauſted receiver, or covered over with 
greaſe, are kept from corruption. 


 Bexs1Dts drineſs, cold, and want of air, 
there are many other things which reſiſt W | 
corruption. But there are no ſpecies of i 
bodies which are ſo much in oppoſition to | 
it as ſalts in general, whether alkaline, 
neutral, or acid, but particularly the laſt. 


Tas particular ſeat or ſubje& of corrup- 
tion, ſeems to be in the mucilaginous or 
oily particles; for the more of theſe fat 
oily particles a body has, it corrupts, ceteris 
paribus, the eaſier. Thus water, replete 
with the mucilaginous particles of an 00Zy 
fat 
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fat ſoil, corrupts ſooner than water taken 
from a gravelly ſoil. 


Tas natural progreſs of putrefaction in 
vegetables is in this way. They begin firſt 
to heat towards the centre; and emit a 
ſharp acid ſmell, which is owing to the ace- 
tous fermentation. As the heat advances, 
this ſmell goes off, and is ſucceeded by a 
very fœtid one. Their colour, if it was 
light before, now turns dark; and the more 
the putrefaction advances, the darker is al- 
ways the colour. They loſe their peculiar 
diſtinguiſhing taſte, and gain a naſeous 
cadaverous one. Their fibres, which had 
a certain degree of firmneſs, loſe that very 
ſoon; there is no more coheſion betwixt 
| the minute particles of which they were 
| compoſed, and they fall into a putrid pulp. 
Theſe are the general circumſtances which 
attend putrefaction. 


Ie vegetables are examined chymically 
after putrefaction, they afford principles 
very different from what they did before it. 

1 Their 
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Their ſalts, which were before fixed, are 
now become volatile, and their oils are 


much more volatile and fœtid than what 
they were. The fœtid ſmell of putrefied 


bodies is owing to theſe volatile fœtid ois 
flying continually off. This greater vola- 


tility in the ſalts and oils ariſes from their 
being. more attenuated than what they 
were. 10 


How nature brings about theſe great 
changes, is difficult to ſay. The moſt 
plauſible and general theory is, that the 
minute particles of air, of which there 1s 
great plenty incloſed in all bodies, extrica- 
| ting themſelves from the fibres of the ve- 
getable, which is now ſoftened by moiſter, 
and being agitated by the heat and conti- 
nual alterations in the preflure of the at- 
moſphere, raiſe an inteſtine motion in the 
body. This inteſtine motion, cauſing a 
continual friction betwixt the ſalts, oils, 
water, and earthy particles of the plant, 
muſt comminute them, and raiſe a great 
degree of heat. The oily particles undergo 
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a change from this heat, and acquire a 
fœtor; and, being joined by the air coming 


from the putrefied maſs, become more 
volatile, and affect the ſenſe of ſmelling. 


The inteſtine motion, it is eaſy to perceive, 
muſt take away all coheſion in the fibres 


and particles; and ſo they fall into a pulpy 
ſubſtance. - The oils and ſalts having a 


natural affinity, will unite; and ſo the 
falts, by the natural volatility of the oil, 
will become volatile themſelves, from being 
hxed before. 


Tals is a very plauſible theory, though, 
I muſt own, liable to many objections. 
The heat and weight of the atmoſphere, 
muſt reach bodies preſerved by the means 


| of oil, as well as if they were not rubbed 
with it. We do not find thoſe vegetables 


which are moſt apt to putrefy, contain more 


| air, than thoſe which are leſ&liable to pu- 


trefaction. The fixed air of vegetables is 
not acted upon by heat ; nor does there 


appear any cauſe why it ſhould get free. 


It is difficult to arrive at any degree of cer- 


tainty 
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tainty in theſe abſtruſe ſpeculations. To 
me the firit mover ſeems to be that ele- 
mentary fire which is incloſed in all bo- 
dies, ſet in motion by the external heat of 
the atmoſphere. Hence the particles are 
made to recede ; and the fixed air uniting, 
becomes elaſtic, and burſts the veſſels of 
the vegetable body. 


Tar deſign and end of this proceſs is 
more apparent, than the means which the 
Author of nature takes to accompliſh theſe. 
Were vegetables to be deſtroyed only by 
external force, by far the greateſt part of 
them would remain untoucked ; and ſo be 
an uſeleſs burthen on nature. Were they 
to be deſtroyed by an internal fermentation, 
as at prefent, without having their parts 
volatiliſed, the particles to which they muſt 
be reduced, would be continually waſhed ka 
off from the ſoil, carried into the ſea, and inc 
ſo be of little uſe towards the nouriſhment i- b 
of other plants. has 
1 
Tu pol 
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TIE only proper and wiſe ſcheme is fol- 
lowed. The oils and falts, from being 
fixed, are volatilized, carried up into the 


air, and deſcend again to fructify the earth, 


which was lately robbed of them. Cor- 
ruption, then, is the parent of vegetation ; 
and could be fo in no other way than in 


| the preſent. Though of ſeeming diſad- 
| vantage in nature, as ſhewing it on the 


decay; though highly diſagreeable to the 


| external ſenſes, and often dangerous to 
health; yet is putrefaction of more uſe 
| than any of the other two fermentations, 


as it provides for our future nouriſhment, 


and carrics on that beautiful circle, which 
| nature is commanded, by her Author and 
| conſtant Supporter, to move in. 


PorREFIED ſubſtances are all of an al- 
kaline nature. The alkaline alt is often 
indeed inviſcated by the oily parts, ſo that 
it can ſcarcely efferveſce with acids. This 
has led ſome to aſſert, that putrefied ſub- 
ſtances were not alkaline; an aſſertion op- 
polite to experiment. We know with what 
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a gentle heat the volatile ſalts of putrefied 
bodies riſe; a heat incapable to form thoſe 


ſalts, if they did not pre- exiſt; but capable 


of raiſing them when once formed. As 
pigeons dung is the ſtrongeſt of all dungs, 
for vegetable and animal ſubſtances are the 
ſame when putrefied, the alkaline ſalts are 
moſt obſervable in it. I have ſeen the ſur- 
face of that dung covered with a white ſalt, 
which ſmelt as ſtrong as the volatile ſalt of 
hartſhorn. Every one is ſenſible of his 
eyes watering, when he goes into a pigeon- 
houſe ; owing to the pungent volatile ſalts 


in the air. Subſtances highly putrefied ef- 


ferveſce with acids. Reaumur ſpeaking of 
the leaves of the vine, which he had ſet 
by to putrefy: Quand elles ont ete pourrics 
Juſque a ce point ou elles perdent leur nome: 
pour prendre celui de terreau, elles ont fer- 
mente vivement et ſubitement avec les acides, 
que je verſes deſſut. Au lieu que Peſpirit de 
nitre verſe ſur de fuilles ſeches, ou fur de 


Fuilles ſumplement commence a pourrir, n'ici 


_ produit aucune fermentation * ble. This ex- 


periment 
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periment puts the queſtion beyond all 
doubt. 


FarmERs have diſcovered, by long ex- 
perience, that the dung of different ani- 
mals differs very much, as to the quantity 

to be uſed, and the ground upon which it 
ought to be laid. A much ſmaller quan- 
tity of pigeons dung mult be employed 
c W than of any other; and even that ſhould 
> W be laid on cold wet ſoil. The dung of 
- WW {heep and hogs ſeems, by experience, to 
have the preference to all others. Theſe 
. different effects depend on the different 
f MW quantities of oil and volatile ſalts in the 
-t dung; and theſe again on the food of the 
animal, on the time it ſtays in the inteſtine 
canal, on the nature of the juices mixed 
7- with the aliment there, and on the natural 
„heat of the body. 


de LEV us now make ſome practical obſer- 
ci vations with regard to the management of 
x- dunghills : for this is an affair of conſider- 
nf able 
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whole of the vegetable food, is loſt. It is 
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able importance, and in which farmer; 


ſeem to be very ignorant. 


Dx vegetables require a conſiderable 
degree of moiſture before they can be 


brought to putrefy. I think dunghills are 


generally kept too dry, as they are com— 
monly in this country placed on a high 
ſituation, and are themſelves raiſed to a 
conſiderable height. A hollow ſituation, 


which will retain the moiſture, is the beſt. 


Too much moiſture is likewiſe bad. This 
may be prevented, by having hollow places, 
with clay bottoms, at the fide of the dung- 
hill, into which the ſuperfluous moiſture 
may be allowed to run, and from whence 


it may be reſtored again by pumps to the 


dunghill at pleaſure. 


Bur there is yet a worſe conſequence 
from ſuch a ſituation. The juices of the 


 dunghill are diſſolvable in water, and are 
continually waſhed off by the rains which 


fall. Hence a great part, nay almoſt the 
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a bad advice, therefore, which the Journal 


OFEconomique gives, to place the dunghili 
on a declivity. A hollow ſituation, where 
the bottom is clay, or where it is cauſeyed 
is the propereſt to carry on the proceſs of 


corruption. 


As the ſun and wind exhales the volatile 


ſalts and oils, and as too much air rather 
retards this proceſs, I ſhould think it very 
reaſonable, to place the dunghill in a ſitua- 
tion ſhadowed and ſurrounded by trees. 


There is a cloſeneſs and moiſture in this ſi- 
tuation which will very much favour cor- 
ruption. 


I ſee that practical farmers adviſe, that 


| the dunghill ſhould be covered with earth, 
| to hinder the volatile particles from flying 
off. But how can this be done, when 

there are freſh additions made to the dung- 
| hill every day? It would indeed putrefy 
| ſooner ; but then it mult loſe the influence 
| of the air, by which only it becomes fit 


nouriſhment for vegetables. The effects 


* 5 of 
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of the air on the dunghill muſt Be conſi- 
derable, as it is ſo looſe and pervious a 
body. I am more inclined to agree with 
them in another obſervation, that the north 
and eaſt winds ſhould have free acceſs, 
eſpecially in winter, to the dunghill. We 
ſhall afterwards ſee, that theſe winds are 
found, by experience, to be more impreg- 
nated with the aereal nouriſhment than the 
others, and particularly at that time. 


As the proceſs of corruption, in the 
common way, goes on very ſlowly ; and as 
great part of the dung which is carried out 
from the dunghill is not half putrefied, 
and conſequently not ſufficiently prepared 
for vegetables; it would be of uſe to quick- 


* en that proceſs, if we knew of any eaſy 
method to do it. There are terments for the 4 
putretactive fermentation, as well as for the | 
vinous. Hence Stahl: Corpus in putredine 

U 


exiſzens, alio a putredine libero facillime cor- 
1 ruptionem conciliat ; quia illud ipſum, quod 
lt in motu inteſtino jam pojitum et, alierum qui- 
; eſcens, ad talem motum tamen proclive, in 
 eunden 
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eundem motum inteſtinum facile abripere 


potgſt. 


Aninar ſubſtances already putrefied, 


ſuch as ſtale urine, human dung, the car- 


caſes of animals, &'c. are the proper putrid 
ferments. If the urine of horſes and ſtall- 


fed cattle, is carried into proper reſervoirs, 


and there allowed to turn ſtale, it will, if 
thrown on the dunghill, very much quicken 
the fermentation. 

PuTRIFIED bodies are of a very vola- 
tile nature ; inſomuch that if expoſed to a 
dry hot air, they continually diminiſh in 
bulk, until all the volatile parts being car- 
ried off, the remainder is found to be an 
earth moſtly of the abſorbent kind. This 


ſhows, that dunghills ſhould not be kept 


too long after they are ſufficiently putrefi- 
ed; and that dung ſhould not be expoſed 
on the ſurtace of the ground in hot wea- 


ther, as often happens; but immediatly 
ploughed in, if carried out at that time. 
It is aſſerted by ſome farmers of obſervation, 


E%.. that 


- * * — 2 —— — r 
ew — 
* — 1 + ew — 


Part HI, 


700 The Principles of 


that dung, when expoſed for five or ſix 
weeks on the ſurface fructifies ground 
more, than when it is direQly ploughed in, 
and mixed with the ſoil. If this obſer- 
vation is found to be true, the winter and 
fpring will be the propereſt ſeaſons for 
expoſing it. A ſuperficial ploughing after 
the dung is ſpread, would feem to bid fair- 
eſt for attaining the advantages and ſhun- 
ning/the difadvantages of both methods. 


TRE mud of ponds and ditches comes 
properly under the claſs of putrefied bodies, 
as it conſiſts of earth and the putrefied * 
of vegetables. 


e 


f manures which ariſe from burnin ve 
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LL vegetables converted into aſhes 
A by the action of the fire afford a 
good © vegetables, eſpecially 
for graſs ; becauſe, as their action is very 
5 ſudden, 
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ſudden, it is ſooner obſervable on a graſs 
than corn field. Chymiſtry ſhows, that 
theſe aſhes conſiſt of an indiſſolvable earth, 
and an alkaline ſalt; which latter body at⸗ 
tracts acids more ſtrongly than any other. 
Fern aſhes contain the moſt ſalt of any 
common vegetable which I know; the 
ſixth part is alkaline ſalt. They muſt, 


therefore, be the propereſt for this uſe. At 
the alum works near Scarborough, the 
farmer pays 2 5. a-cart- load for the refuſe 
of the earth of theſe aſhes, after almoſt all 


the ſalt is extracted out of them. The re- 


fuſe of the ſoap manufactures, and of the 


bleachfield, are rich manures. The aſhes 
of peat, which are moſt uſed, afford ſalts 


equal only to the thirty-ſecond part of 


the whole, and are the weakeſt of all thoſe 


E [ know. 


HERE we muſt claſs the burning of the 


turf, or ſurface, which is often done to im- 
prove poor ſoil. Farmers think it acts by 


diſpelling a ſour juice which land has con- 


tracted from lying long untilled: and they 
11 chiefly 
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chiefly preſcribe it for that ſort of poor 
ground; for they all agree, that it hurts 
rich ſoil. But I imagine, that the benefit 
ariſing from it is owing to the falkaline 
falt ariſing from burning the roots of ve- 
getables; for farmers injoin us to go no 
deeper than thoſe roots; and it is found 
that the greater the quantity of roots, as 
happens in land which has been long 
untilled, the more benefit ariſes from 
burning. 


TIERE is another manure which takes 
its riſe from fire, and properly belongs to 
this ſection; that is, ſoot. This is found, 
by chymical experiments, to be a compoſi- 
tion of volatile alkaline ſalt, oil, and a 
little earth. It is remarked, that the ef- 
fects of this compoſt are very ſudden, they 
being obſervable after the firſt rains. 
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Of animal manures.. i 
L L animal ſubſtances enrich ground ; 


bage, urine, &c. becauſe they putrefy eqs: 
fily. As we have treated of dung, we need 
not ſpeak of theſe. But there are other: 
animal ſubſtances, ſuch as ſhavings and 


tips of horns, hair, ſilk, woollen rags, Cc. 
which do not ſeem, from their firm tex- 
ture, to be ſo capable of putrefaction. All. 
theſe contain a great quantity of a muci- 
laginous and gelatinous ſubſtance, capable 
of being diſſolved by water, of a ſapona- 
ceous nature, and conſiſting, as appears 
by chymical experiments, of falts and oils 
intimately mixed, and diſſolved in much 
water. This mucilaginous ſubſtance muſt, 
then, be fit nouriſhment for plants. 


prodigiouſly; ſuch as, blood, gar- 


THE 
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THE action * theſe manures is common- 
ly attributed to their imbibing the dews, 
and conveying moiſture to the ground. But 
woollen rags rather repel, from their olly 
nature, than attract moiſture ; and were 
they only ſimply to conduct the moiiture 


into the ground, linen rags would do as 


well; but they do not. "Theſe woollen 
rags being much uſed in chalky grounds, 
which are dry, has given riſe to this opi- 
nion. What theſe grounds ſtand moſt in 


need of, is a mucilaginous ſubſtance, which 
theſe rags are Bll of. 


'THrz animal ſhells, ſuch as oyſter-ſhells, 


periwinkles, cockles, &'c. muſt be included 


amongſt animal ſubſtances. Theſe are 
long of diſſolving; but it 1s obſerved, that 

in ſix or ſeven years they make the ground 
ſo mellow, that it muſt be allowed to 
ſtand a year or two, that it may conſoli- 
date again, and the ferment be reſtrained; 


elſe it is not able to ſupport the corn. 
The reaſon of this expanſion of the carth, 
will appear from the expanſive force of 


ſhell-marl. Theſe different ſhells are a 
compoſition 
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compoſition of calcarious particles, fit to 


be converted, by the fire, into quick- lime, 
and. of an animal oil. 


W muſt here conſider a body, called 
hell marl, which is commonly, though im- 
properly, claſſed with the marls. It muſt 
ve ranked amongſt the ſhells, as it is a pu- 
treſied animal ſhell. It is a white light 


ſubſtance, with an odorous ſmell, appear- 
ing to the eye to conſiſt of a number of 


ſmall ſhells, and generally found at the 


depth of a foot or two in thoſe hollow 
grounds which have been formerly over- 
flowed. An animal inhabiting ſuch a ſhell 
I have met with in. ponds, though it is 


| very rare. It muſt have been once a very 
common creature in this country, and ap- 


pears to have been deſtroyed in moſt 


counties at once by ſome general diſaſter 
which affected it; the natural depoſition 
of ſoil from theſe waters has buried it ſo 
deep. 


Exp. 30. When water is poured on this 


body, it ſucks it in greedily, and ſwells 
like 


my 
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like a ſpunge; becomes very ſoft, but does 
not fall down like marl into a? powder. 
It is by means of this quality that all 
ſhells, whether they are laid on corrupted, 
or become ſo in the ſoil, make ground fo 
very light and ſpung of . 


I could diſcover no falt in it, by the dit- 
ferent trials which I made. It makes a 
ſtrong. efterveſcence with acids, and re- 
quires fix times more of them to ſaturate 


it than what any of the marls which I have 
yet met with do. : 


dn diſtination, like all animal 
ſubſtances, a urinous alkaline ſpirit, and an 


qu of the heavy kind. 


Warn calcined in the fire, it is con- 


verted to quick-lime. By theſe experi- 
ments it does appear plainly to be a putre- 
fied animal ſhell, caſily ſeparable by water, 
and a ſtrong attracter of acids. 


r 
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PART III. 
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The effects of di ferent ſubNances with f 


70 Vegetation. | 


HosE manures which I have exa- 
EI mined, are ſuch as chance diſco- 
vered to be uſeful in vegetation, and prac- 
tice has continued, becauſe they can be 
eaſily and cheaply got. But, for what we 
know, there may be others, which, though 


not in ſuch plenty as to be of ule to the 
farmer, may have effects on vegetation, 
that may be uſeful to thoſe who inquire 
into the nature of the vegetable food. 
The more they know of the effects of dif- 
ferent bodies on plants, the greater chance 
they have to diſcover the nouriſhment of 
plants; at leaſt this is the only road. I 
made the following experiment with this 


deſign. 
hs Exp. 
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Exp. 31. May 2. 1755, I took ſome vir. 


gin earth from the ſide of a ſteep bank, 


where neither dung nor plough had ever 


been ; filled ſome pots with it ; mixed with 
the earth the following materials; and ſet 
them in 1 Each pot contained 
about 6 lb. of earth. In each pot I plant- 


ed five grains of the fame barley; and 


that I might be ſure that each grain was 
proper for ſeed, I took none but what fell 
to the bottom of water. No. 1. contained 
plain virgin earth, that I might have a 
{ſtandard for the reſt. No. 2. was always 
watered with hard water. No. 3. had 1 0z. 


of falt-petre, and 2 0z. of oil of olives, 


mixed with the earth. No. 4. contained 
10z. of falt-petre. No. 5. contained half 
an oz. of vitriolated tartar. No. 6. con- 
tained 1 Oz. of flour of brimſtone. No. 7. 
contained half an oz. of ſpirit of hartf- 
horn. No. 8. contained 2 0z. of oil of 


olives. No. 9. contained ſpirit of nitre, 


diluted with water, half an oz. No. 10. 
contained of ſea-ſalt 1 0z. No. 11. con- 


tained plain earth, and the grains ſteeped 


for 
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for 16 hours in a ſtrong lye of hens dung 
and ſaltpetre. 


# 


May 9. when I looked at them again, 


No. 1. and 2. had each one plant, juſt ap- 


pearing above ground. | No. 6. had two 
taller than the former. No. 8. had all the 
fve up, one of which was three-fourths of 
an inch tall. 
May 1. No. 1. has all five up, and about 
half an inch high. No. 2. has two, and as 
hich. No. 3. 4. and 5. have one each, juit 
appearing. No. 6. has four three-fourths 
of an inch tall. No. 7. has one, half an 


inch tall. No. 8. has five one inch tall. 


No. g. has two, juſt appearing. No. 10. has 

none, No. 11. has four. Some of the 
ſame grain- ſet in the garden-mould juſt 

| befide the pots, were three-fourths of an 
inch high. , * 5 


May 21. five or fix days rain, and then 
fair weather. No. 1. and 2. have five, about 
tour inches tall. No. 3. has four, three 

K 


inches 
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inches tall. No. 4. has five, about two 


inches tall. Thoſe in No. 5. are three 
inches tall. No. 6. has five equal to No. i. 
and 2. No. 7. has two, about one inch. 
No. 8. has fix, two and a half inches tall, 
No. g. has three, above half an inch tall, 
and very ill coloured. | No. 10. has one, 


half an inch tall. No. 11. has five, which 


are the beſt of all. 


Fune1, No. 2. the beſt of all, wine inches 


high, and of the deepeſt green. No. II. 


contained the next for ſize and colour, and 
was but little inferior. No. 6. next in height, 
but had many withered leaves; No. 3. 4. 
and 5. about five inches tall, and of much 
the lame colour ; No. 7. about an inch tall, 
with ſome of the leaves withered ; No. 8. 
high, but ſomewhat withered ; No. 1o. has 


three about an inch long. 


Fun 10. No. 2. ſtill beſt. No. 6. almoſt 
withered. No. 7. entirely withered. No. g. 


and 10, contained poor ſickly plants. 


Fu He 
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Pune 18. No. 2. ſtill beſt, and has nine- 
teen ſtalks. No. 11. next, and has ten 
ſtalks. No. 1. not quite ſo tall, but has 
thirteen ſtalks. No. 3. comes next. No. 6. 
almoſt quite gone. No. 7. none. No. 8. 


and 9. equal. No. 10. leait of all. 


Aug. 16. No. 1. has fevertcen ears of corn. 
No. 2. has nineteen. No. 2. has thirteen. 
No. 4. has fifteen. No. 5. has twenty-nine. 
No. 8. has nine, and thoſe very large. No.g. 
has twenty, and thoſe large. No. 10. has 
ſtalks about a foot in length, and four or 
five ears, about one inch long only. No. 11. 
has eighteen very good ones. 


TEHUs I have related the experiment 
faithfully and minutely, as becomes every 
- experimenter. The facts ſhould always 
be related by themſelves, diſtinct from all 
reaſoning ; for we may err in the latter, 
but the former is truth itſelf. I ſhould 
have been glad to have repeated theſe ex- 


periments, eſpecially with a poorer foil 


than what I found, by experiment this to 
K 2 be. 


e 
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be. I ſhould have been glad to have had 


a greater fund of experiments to have rea- 
foned upon, as there is always danger of 


 fome miſtake in reaſoning from a ſingle 


experiment, But it is to be remembered, 
that ſuch experiments can be made only 
once a-year, and there is no time left now 
to repeat and augment them. As it then 


itands, I ſhall draw ſome concluſions 
from it. : 


Corollary 1. Virgin earth, taken up with- 


in a foot of the ſurface, and from a bank 


which had a north aſpect, contains in itſelf 
the principles of vegetation in great plenty, 
Such earth is uſed as a manure by farmers ; 
and they obſerve, that virgin ſoil will fruc- 


tify earth much richer 1 in appearance than 
itſelf. 


Cor. 2. Grain appears to grow better, 
that it has been ſteeped in dung and ſalt— 
petre. It is a fact long ago obſerved, that 
grain vegetates ſtronger, quicker, and is leſs 


lubject to and me mildew, if it has been 


ſteeped 


V 


* 
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ſteeped in liquors which contain falt and 
oil, ſuch as ſea- water, ſtale urine, Oc. 
This is eaſily accounted for. It is certainly 
of great moment, with what the veſſels of 
the ſeed are at firſt filled, whether 
watery or with rich Juices. This is one 
great reaſon that makes a dry ſced- time ſo 
uſeful ; for if the ground is dry, the juices 
which the ſeed imbibes, are rich and nu- 
tritious ; whereas in rainy weather, theſe 
juices are diluted with too much rain, and 
the tender plant 1s weakened. -In medica- 
ting grains, we fill their velels with plenty 
of ſalts and oils, and give them vigour to 
ſend out many roots, upon which the nou- 

riſhment of plants depends. The way to 
make a ſtrong man, is to nouriſh the child 


with ſuitable food. 


Cor. 3. Hard water appcars to afford a 
ſtrong nouriſhment for plants. This is 
very oppoſite to the common received opi- 
nion; for gardeners never ule it, when they 
can get ſoit water; and if they ſuſpect any 
hardneſs, endeavour to ſoften it as much 


K 3 as 
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as they can, by letting it ſtand expoſed for 
fome time to the heat of the ſun. In this, 


however they are miſtaken. This expo- 
ſition may make water harder; but can 
never ſoften water which is conſiderably 


hard. The hardneſs of this water which 
I uſed, and indeed of ail hard waters“ 


which I have met with, 'was diſcovered, 


by experiments, to be owing to the acid or 


nitre, joined to an abſorbent earthy baſe. 


The baſe in this water was a2 calcarious 


carth ; in moſt bard waters it is only an 


abſorbent. 


Cor. 4. Oil of olives, in the proportion 
of 1 Oz. to 3 Ib. of earth, appeared to 
have very good effects at firſt ; but theſe 
aſterwards declined. The ears were good, 
though not many. Was the oil in too 
great quantity? Was it not ſufficiently 


attenuated by the ſalts in the earth; and, 


b 


* Vid. Experiments on bleaching, ſect. on 
ard waters. 
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by that means, did it not block up the 
mouths of the radical veſſels? Had it not 
ſufficient time to incorporate with the 
earth? Theſe are queſtions which I can- 
not reſolve. 


Cor. 5. It appears, that faltpetre, in the 
proportion of 1 0z. to 6 Ib. of earth, rather 
retarded than promoted vegetation. This 
indeed ſurpriſed me, as I generally believed 
nitre to be of a very fruitful nature ; nay, 
the very cauſe of fertility. It does not 
ſeem to have been employed in too great 
quantity neither. Its great reputation for 
ertility would make one cautious in 
doubting that effect, without a ſufficient 
number of experiments to ſupport that 
opinion. 


Cor. 6. The vegetative effects of nitre 
does not ſeem to have been increaſed By 
the addition of twice its quantity of oil 
of olives. The oil of olives ſeems to have 
ſucceeded better with the addition of the 


mtre than without it, The ſalts would 


attenuate 
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attenuate the oil, and help it to enter the 
veſſels of the plant more eaſily. 


Cor. 7. Vitriolated tartar, which is a 


compoſition of the acid of vitriol and an 
- atkaline falt, ſeems to promote vegetation 


very ſtrongly. A gentleman wanted to 
deſtroy ſome rank graſs in his court, and 
was adviſed to ſprinkle it with the oil of 
vitriol, as the greateſt enemy to vegetation. 
He did fo ; but, to his great ſurpriſe, the 
graſs came up much ſtronger than before. 


Cor. 8. Sea-ſalt, in the proportion of 


1 0z. to 6 lb. of earth, ſeems to be an 


enemy to vegetation. Moſt farmers com- 


mend it as a good manure, though there 


are ſome who doubt of its good effects. 


Perhaps in a ſmaller quantity, its effects 
may be more beneficial; eſpecially if it 


contains the bittern, which is a compoſi- 
tion of the vitriolic acid and an abſorbent 
baſe, and a bituminous oil, both of which 
muſt be aſſiſtants of vegetation. The alt 

which 


Set. I. Agriculture and Vegetation. 11 7 


which I uſed being table-ſalt, was in a great 


meaſure freed from theſe. 


Cor. 9. The acid of nitre ſeems to have 
retarded vegetation at firſt ; perhaps from 
its being not ſufficiently united to the ab- 
ſorbent particles of the ſoil. But at laſt it 
ſeems to have promoted the growth of the 
plants conſiderably. 


Cor. 10» Spirit of hartſhorn, which is a 
volatile falt diluted with water, ſeems to 
have poiſoned the young plants. 


Cor. 11. Flowers of brimſtone, 1 oz. to 
6 lb. of earth, appears to have promoted 
vegetation greatly at firſt; but in a month's 
time to have deſtroyed the plants like a 
poiſon. This ſubſtance is often ſprinkled 


on turnip-ſeed before it is fowed ; and it 


is thought by farmers to aſſiſt their growth, 
and to keep the flies from the leaves. Was 
too great a quantity of it uſed in this ex- 
periment ? Plants, therefore, have not only 
their food, but their poiſon, Qyer. Will 
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the artificial ſulphur, which ariſes from the 
combuſtion of many plants in a particular 
way, and which is to be found in great 
plenty in kelp-athes, in the ſoap-aſhes, and 
in many of the aſhes uſed in the bleach- 
field, have the ſame bad eſtects as natural 
ſulphur ? 


AFTER the laſt experiment was made, 
there appeared to me a conſiderable differ. 
ence betwixt the method by which it was 
carried on, and the courſe which nature 
follows in ſuch operations. I mixed the 


materials, whoſe effects on vegetation I 


wanted to diſcover, all at once with the 
earth; but in a natural way, the fructifying 
principles muſt be beſtowed en it by 
gentle degrees, and in very ſmall quantities. 
Earth, indeed, which has lain for ſome 


time fallowed, and is therefore well ſtored 
with the feeds of vegetation, is much in 


the ſame ſtate with the earth of my expe- 
riments, though not fo much ſaturated 
with the nutritive principles, as mine was 
with the different materials. Beſides, the 

former 
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former is conſtantly receiving freſh ſupplies. 
That I might approach nearer to the courſe 
of nature, and ſupply materials according 
to the growth of the plants, the following 
experiments were made. 

Exp. 32. Six pots were filled with poor, 
light, virgin earth. Each pot contained 
z lb. and 5 grains of heavy barley. No. 1. 

had no mixture. No. 2. was watered with 
dr. of faltpetre diſſolved in 3 0z. of water. 
No. 3. with the fame quantity of ſea-falt. 
No. 4. with the ſame of Epſom falt, which 
is compoſed of the acid of vitriol, and the 
earth, called magne/ia alba. No. 5. with 
2dr. of the following compoſition diluted in 
water. Half an oz. of quick-lime was 
fiturated with weak ſpirit of nitre, which 
produces a very cauſtic liquor. No. 6. with 
2 dr. of the former mixture, having half 
its quantity of oil of olives mixed with it. 
This compoſition appeared to me to ap- 
proach near to the natural vegetable food. 
All the ſeeds were ſown June 16. 1756, 
except No. 6. which was not till the 19th 

of 
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ef Func. I planted ſome of the ſame ſeeds 
in the garden-mould beſide the pots. 


Func 23. No. 1. has one plant, half an 
inch high. No. 2. has one, an inch tall, 
and another, juſt appearing. No. 3. none, 
No. 4. has four, two of which are one inch 
tall. No. 5. none. No. 6. has three, one 
inch tall. 


June 27. No. 1. has four, two and an 
half inches high. No. 2. has four. No. 3, 
has two, the talleſt is an inch high. No. 4. 
has five, two inches. No. 5. none. No. 6. 
has four as tall as No. 4. Thoſe in the 
rich garden foil were three and an half 
inches tall. 


D. 


2 


| Fuly 4. No. 2. taller and greener than 
No. 1. No. 4. and 6. equal to No. 1. 


July 10. No. 2. beſt. No. 6. next, No. 4. 
next. No. 1. and 3. follow. No. 5. has 
one, three inches high. =] 


Ju 


© 


be 
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July 15. No. 1. four of the five plants 
have yellow withered leaves. No. 2. and 6. 
deepeſt coloured and talleſt. No. 3. and 4. 


equal. No. 5. has one weak plant, about fix 
inches high. The weather has been hot 
for ten days. Added to No. 2. 3. and 4. 


1dr. more of each of their ſalts, and to No. 


5. and 6. the ſame quantities of the lame 


Fuly 24. has rained five days. No. 2, 


and 6. about fifteen inches tall, and much 
better than the reſt ; the latter rather beſt. 


No. 4. next beſt, ad twelve inches tall. 


No. 3. next, and nine inches. No. 1. next. 


No. 5. has one, about twelve inches. Thoſe 


in the garden ſoil near two feet, and have 
ſent up many more ſtalks. 


Augu/? 19. The laſt fortnight cold rainy 


weather, with eaſterly winds. No. 6. is the 
talleſt, of the deepeſt green colour, and 


therefore the beſt. The reſt as formerly. 


Added to each the ſame quantity of ſalts 
and mixtures as before. 


* September 
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September 1. Has been good v warm 


ther. The 8 as before. 


September 26. No. 1. had ten ears, the 
largeſt of which carried twenty grains. 
No. 2. has eleven, the largeſt of which had 


twenty-four grains. No. 3. worſe than 


No. 1. No. 4. has thirteen ears, the largeſt 


of which carries twenty grains. No. 5. has 


but one ear; and that is not ſo ripe, and 


has ſmaller grains than the reſt. No. 6. 


has ſixteen ears, many of which carry 


twenty-four grains, and thoſe larger than 
any of the reſt. It has one double ear, 


which has forty grains, Many of the ears 
in the garden ſoil have thirty-two grains. 


LE us now draw ſome corollaries from 
this experiment. 


Cor. 1. Sea-ſalt added in ſmall quanti- 


ties, and by gentle degrees, to a poor foil, 


ſeems again to be rather hurtful than be- 


neficial to it. What effect it would have 
n 
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on a ſoil full of oleaginous particles, appears 
not from this experiment. 


Cor. 2. Saltpetre managed the ſame way, 
promotes vegetation conſiderably, and ap- 
pears to have made the ſoil capable of pro- 
ducing a fourth more. 


Cor. 3. Epſom falt applied the fame way, 
is pretty nearly equal in its nutritive power 
to ſaltpetre. The foregoing experiment 
taught me the good effects of the acid of 
vitriol ſaturated with an alkaline ſalt; the 
preſent teaches me, that the ſame acid ſa- 
turated with a particular abſorbent carth, 
promotes fertility. Hence I concluded, 
part 2. ſect. 3. that marl added to the Ame 
acid, after the poiſonous chalybeate parti- 
cles were ſeparated from it, would rather 
be of ſervice than diſſervice to the foil. 

Cor. 4. Quick-lime, ſaturated with ſpirit 
of nitre, added in ſmall quantities, and 
well diluted with water, appears to have 
hurt the vegetative power of the ſoil. Was 
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it uſed in too great quantity ? 6. did It 
not meet with what is as neceſſary to vege- 
tation as itſelf, a due proportion of oleagi- 
nous particles, which nature always ſup- 
plies in proportion as ſhe ſupplies the falts ! ? 
The latter feems to have been the caſe, 
from the following corollary. 


Cor. 5. The former liquor, with half its 
quantity of oil of olives added to it, and 
ſhaked well together, appears to have en- 


doubled its tertility. 


Cor. 6. None of our admixtures was able 


to bring the poor light ſoil to the ſame fer- 
tility with the rich garden mould. And 


no wonder. There the ſalts and oils are 
highly attenuated, duly proportioned, and 
well mixed, by length of time ; and, con- 
ſequently, fitted to enter the ſmall veſſels 
of the roots. Beſides, that ſoil, by the mix- 
ture of putreſcent matter, is in a conſtant 


ſtate of fermentation, becomes eaſily pene- 
trable, 


Sea. I. 


trable, and offers a larger field for the roots 
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of plants to feed on. 


As lime never acts on the ſoil till it be- 


comes effete, I was willing to ſee its effects 
when ſaturated in that ſtate with the acid 


of nitre; although experiments ſeem to 
ſhow, that the product is much of the ſame 
nature. Half an oz. of old lime wall, was 


therefore ſaturated with the ſpirit of nitre. 


Exp. 33. Fuh 15. 176, two pots were 


filed with the ſame earth on” uſed in the 
former experiment, and in tliè ſame quan- 
tity. Three grains f barley were ſown in 


each Pot. No. 1. contained plain earth. 
No. 2. was watered with 1 dr. of the ſolu- 


tion well diluted. 


Ful 25. No. 1. has three plants, one 
inch in height. No. 2. has one, the ſame 
height. 0 | — 


Aug. 10. No. 2. has only one; but that 
is of a deeper green than any in No. I. 
= Added 
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Added to. No. 2. the ſame n of mix- 


ture as before. 


1 
- Sept. 26. No. 2. of a deeper green, has 
more after- ſhoots, and a longer ear than 
any in No. 1. | 


Cor. I can hardly ſay whether the ſoil 


was the better or the worſe for the mix. 


ture: for, on one hand, only one of the 


ſeeds took effect; and on the other, that 
plant was in a more thriving ſtate than any 


plant in the plain earth. This, however, 
appears plain, that it had not the bad effects 
of the ſpirit of nitre and quick: lime in the 
former experiment. Was this owing to 
the lime being quick in the former, and 
effete in the latter caſe? or to a ſmaller 
quantity of the mixture being uſed ? I ra- 
ther incline to the latter opinion, as the 
mixtures appear to be ſimilar by experi- 
ment, = 


Tha I might diſcover the effects of the 


Exp. 


ö > 
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Exp. 34. July 14, 1756, I filled two 
pots with 5 Ib. each of that foil ; ſowed 


four grains of barley in each, and watered 


No. 1. with. the ſame quantity of the ſame 
ſolution uſed; in the foregoing experiment. 
July 20. three plants have appeared in each 


pot; thoſe: in No. 2. a degree taller than 


thoſe in No. 1. July 27. the plants in both 


pots equal. Aug. 13. the plants in No. 1. 
are rather taller than thoſe in No. 2.: but 


none of them thrive well; either becauſe 


they were late ſown, or becauſe they were 


in a corner where two tall hedges met, and 


therefore wanted air. I removed the pots 


to a more open place. Sept. 1. No. 1. has 


one taller, and of a deeper green, than 


No. 2. The plants have grown faſter than 


before. Sept. 30. the plants are come to 


no perfection. 

Cor. 1. The plants in the two laſt expe- 
riments did not vegetate near ſo quickly in 
the ſame time, as thoſe of the preceding 


experiment had done. Has not the ſpring, 


from ſome particular cauſes which operate 
- at 
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at that time, a peculiar vegetative power, 
which the ſummer poſſeſſes not in ſo great 
a degree? So it appeared to me, although 
the ſummer was cold and rainy, like our 
ſprings, and the ſoil in the 1 
ment very rich, and in the former taken 
from the ſame "m_ that the earth of the 


foregoing was. 
Cor. 2. ben to ſtand in need of 
a conſtant application of free air to their 
ſurfaces. - All trees in thickets ſtretch out 
their branches either laterally or longitu- 
dinally, where they can have moſt air. Does 
this air act only on their furface ? or does it 
enter the veſſels of the plant ? If the latter, 
is not an impetus from the air in motion ne- 
ceſſary in order to its entrance, as the mere 
preſſure of the air is always the ſame in 
| ſimilar altitudes ? 


Cor. z. The plants ſeem neither to have 
been much better, nor much worſe, for the 
addition of the ſaline mixture. 


Set. I. Agriculture and Vegetation. 129 


Exp. 35. May 25, 1758, -I ſowed. ſome 
barley in 4 different pots, filled with the 
ſame poor earth. No. 1. contains the pure 
earth. No. 2. the ſame earth frequently 
watered with a ſolution of that particular 
ſalt found ſticking on the plaiſtered walis 

of boghouſes, &'c. It got altogether 1 dr. 


of this ſalt. No. 3. ſame earth watered in 


the ſame way with the ſame quantity of 
crude tartar, which was the only eſſential 
ſalt that I could get at the time. No. 4. 


the ſame earth treated the fame way with 
the ſame quantity of ſoluble tartar, which. 
is the former acid falt neutralized with an 


alkaline ſalt. 


Fane 1 O. All pretty equal. July 25. No. 1. 
has two ears, and the worſt of all. No. 2. 
has ſeven, all larger. No. 3. has five, very 
good. No. 4. has three. 


Auguſe 8. No. 1. has nine. No. 2. has 
fourteen, No. 3. has nine. No. 4. has 
fifteen. 1 
3 Aug. 
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Aug. 22. No. 4. has the heavieſt ears, and 
is better than No. 1. 


Cor. 1. The aereal nitre promotes vege- 


tation very much. This ſalt we elſewhere 
prove to be the foſſil alkali. 


Cir. 2. The effential ſalt of rheniſh wine 


promoted vegetation a little. The ſame 


falt neutralized, had very ſtrong effects on 


the growth of — 


Aar wicht diſcover the natural ef. 


fects of rain-water, 


Exp. 36. May 23, 1758, 1 two pots 


filled with poor earth, ſowed ſome barley 
in each, and placed them near the window 


of a green houſe, ſo that they might get 
air, but no rain. No. 1. was conſtantly 
watered with ſpring- water. No. 2. with 
the fame quantity of rain-water. 


June 10. The plants watered with rain- 


Water, ſeem * beſt; but thoſe of both 


pots 


— 
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pots appeared ſiekly for want . a ſuffici- 


ent quantity of air. 974 


Aug. 2. The rain-water appears ſtill beſt. 


22. I cannot ſay which is beſt, as they are 
both ſo —_ | 


THESE are all . experiments which 1 
have made with regard to the effects of 
different bodies on vegetation. This field 
has not been cultivated with that attention 
which the merit and importance of the 
ſubject requires. It is indeed extenſive, as 


it takes in the operations of all bodies 


which can be either diſſolved or attenuated, 


ſo as to enter the veſlels of plants. But it 
is only from a number and variety of trials 


made in it, that We can expect to ſee a juſt 


theory of vegetation ariſe. I could with, 


before I attempt that ſubject, to be poſſeſſed 
of a greater number, and thoſe oftener re- 
peated, that my concluſions might have 
been more general and more certain. They 


were luck as ä to me to reſult natu- 


rally 
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rally from the experiment. How far they 
are to claim aſlent, I have left in every one's 


er 
Of the food of vegetables. 


tant queſtion, What is the food or 
nouriſhment of plants? a queſtion which 


has been much handled, but not ſufficient- | 
ly aſcertained yet. It has even been made 


a queſtion, Whether each plant has not its 
peculiar and proper food, which it chuſes 


amongſt the reſt, from ſome elective power 
inherent 1 in its roots 7 7 


2 


TosE who . ſide of the queſtion, 
aſſert, that the advantage ariſing from the 


change of ſpecies is a certain proof of this; 
for, if the ſame nouriſhment ſerved all 


grains, the ſame grain would thrive in the 
ſame ground, as well as another; that al- 
though wheat will not ſucceed in the fame 


ground 


E now come to treat of that impor- 


. rage, PA — J 
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ground for two years ſucceſſively, yet it 
will bear another grain very well ; and 
that the different nature and properties of 
vegetable juices are a ſtrong proot on their 
hde. 


Tross who aflert, that all vegetables 
feed on the ſame food, ſupport their opi- 


nion by the following arguments. The 
longer ground is kept in tillage, though it 
bears grains of different ſpecies, the worſe 


it becomes: But this would not happen, 


if plants took different particles from the 
ſoil : That all ſort of weeds ſtarve corn, by 
taking part of the ſame nouriſhment : That 
fallowing ground would be an uſeleſs prac- 
tice, ſince there is ſuch a diverſity of ſpe- 
cies : That it would be in vain for plants to 
have a taſte, ſince they have no local mo- 
tion : That change of ſpecies ſucceeds, not 
becauſe plants take only their own food, 
but becauſe ſome looſen, while others bind 
the ground ; ſome roots go deep into the 
ground, while others keep about the fur- 
face: That it is true, wheat will not ſuc- 
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ceed in the ſame ground two years ſucceſ. 


ſively, becauſe it requires more food than 


that ground can afford, although there is 
ſufficient nouriſhment left for other grains; 
and there would be no time left to plough 
the ground, as wheat is ſown in the har 
veſt: And, That the difference of vege- 
table juices depends not on the difference 
of food, but on the particular ſtructure of 


* veſſels of — f 


THE latter opinion muſt appear to every 
one to be nearer the truth than the former: 
Nearer the truth, I ſay, becauſe the advo- 
cates for it ſeem to think, that one ſort of 
food ſerves all vegetables. There I differ 
from them. We ſaw, by the experiments 
in the laſt ſection, that the ſalt of hard 


_ water, Epſom ſalt, and the vitriolated tar- 


tar, ſalts very different from one another, 


nouriſhed vegetables of the ſame ſpecies ; | 


and therefore the food is not of one kind. 
We know that ſome trees contain the acid 


of vitriol, becauſe with their charcoal we | 
can make a ſulphur. 


We know, likewiſe, | 
that | 
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that ſome plants contain a nitrous ſalt, 
while others one like ſea-falt. Some vege- 
tables require a greater proportion of wa- 
tery parts, and ſome a ſmaller. The food 
of vegetables, then, is not all of the ſame 
kind. : 


THALES maintained, that all things 


were made from water. 


HEL MONT was of this opinion, and 


ſupported it by an experiment known to 
every perſon. He planted a willow, weigh- 
ing 5 lb. in a pot filled with dry earth. 
The earth he watered with rain - water. 
In five years the willow, not computing 
the leaves which had fallen off, weighed 
164 lb.; but the earth had loſt nothing. 
That elementary water is the food of vege- 
tables, is a concluſion too ſtrong from this 
experiment. It only ſhows, that water 
contains particles which are capable of 
nouriſhing plants. We have ſhown, that 
mow and rain-water contain earth, oil, 
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and, as they ſweep the air, muſt contain 
ſuch ſalts as are in it too. 


Some modern philofophical chymiſts, 
ſuch as Meſſ. Eller and Euler, are of opi- 
that water is the nouriſhment of 
plants. The latter found that onions and 
tome branches grew in diſtilled water. But 
the experiment does. not convince me, for 
diſtilled water, as well as rain-water, con- 
He owns in the ſame 


nion, 


tains ſalts and oils. 


paper, that the diſtilled water, expoſed to 


the ſun, recovered its ſalts, oils, and earth. 
It will, then, recover the ſame principles 
when the plants grow in it. It is not ne- 
ceſſary here to enter into that nice diſcuſ- 
fon, whether water receives theſe princi- 
ples from the air, which I think moſt pro- 


bable, or is converted into them, which is 


his opinion; it is ſufficient for my purpoſe 
to ſhow, that theſe principles enter the veſ- 
ſels of the plants along with the water. 
As I know no experiment that eſtabliſhes 
this opinion, it appears to ſtand in oppo- 


ſition 


Part III. 


fy = KK um Fw, 


Wo 


tu 


fa\ 


ſition to all my experiments: For ſome 
falts have ſtrong vegetative powers; but 
theſe do not ariſe from attracting and re- 


taining moiſture, as theſe powers do not. 


appear to be in proportion to that quality, 


OTHERS think, that the more terrene 


particles are thoſe which nouriſh plants. 
Of this opinion is the famous Twll ; be- 
cauſe, ſays he, earth augments them ; and 
whatſoever augments them, mult be their 


food. Dung, and other manures, act only 


by fermenting, and ſo attenuating the ſoil ; 


and are of no more uſe, than, as a knife, 


to divide their food. But earth alone could. 
never do, without ſome more active prin- 
ciples. Had Jull been a chymiſt, he 
would have known,. that mere earth makes. 
but a ſmall part of all plants. Soil may 
certainly be too looſe. To earth already 
ſufficiently attenuated, manures would do 
no ſervice. Whence the ſalts and oils of 
plants? Theſe are objections which the. 
favourers of his ſyſtem. never can anſwer. 
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OTHERs, ſeeing the neceſſity of the air 


to all plants, and obſerving that plants 0 
ü imbibe a great deal during the night, as -4 
| Dr Hales's experiments ſufficiently ſhow, t 


| aſſert, that the ſoil only gives them ſupport, 
| but the air nouriſhment. To this the an- 
ſwer is ſhort, That plants thriving better 
in fome ſoils than in others, and in pro- 
portion as theſe ſoils are- manured, ſhows 
the ground to be the principal paſture of 
j plants; the air being the ſame in grounds 
adjoining to one another. 


| TEE . of the Hiftire Phyfique de- 
duces all plants from certain ſimilar orga- 
nifed parts, which he ſuppoſes flying up and 
down the air in great plenty, and which 
attach themſelves, in ſome unknown way, | 
each to its own tribe. If this were the 
caſe, dung made of plants of the fame 
ſpecies, would ſucceed beſt ; which is not 
fo. 1 ſhall allow this unphiloſophical opi- | 1 
nion to fall of itſelf, as it muſt naturally I 
do, when unſupported by experiments. 
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OTHERs attribute vegetation to falts of 


different kinds. But whence they come, 
and of what nature they are, WE have only 
their own aſſertion. 


IT is the: common fate, in alt difputed 
points, that each attaches himſelf to one 
fide, without allowing the other any ſhare 
of truth. I have found by experience, that 
each ſide has generally fome truth in it; 

that mankind. err by extending that parti- 


cular truth to a general one; and that the 


real truth is generally made up: of ſome- 
what taken from each opinion. The rea- 
ſoners on agriculture have failed, becauſe 
they aſſerted, that plants were fed either 
by air, water, earth, or ſalt. I join, in. ſome 
meaſure, with. all theſe ; and aſſert, that 
plants are nouriſhed by theſe bodies, united 
with two others, oil and fire in a .fixed 
ſtate. Theſe ſix principles joined together, 
in my opinion, conſtitute the vegetable 
nouriſhment, | 


THIS 


r 4 % 4. AE. 8 2 — —— —— — rr — 
. . N 2 — — r ** - * — coy . UE” © wk N — 
— _— o — ——— —⏑ +- — —ä 23 3 et * 2 — 2 
e | 8 8 ee * : . 
, by * = . 5 . — 


2 ; Abt 8%. Eo — — 
P Se 34> "Ef 
. - by * * * a * 
++ — — .: 5 — — + " « ax. as 
* 2 o rn , AF & 
: - 


> 5 al 
3 on - 
CE Ger iP IC fo 


* — + — — — ® 6 n a Lind 

a 8 — 1 Z 
nn Sev * wt = Pers — OT E 8 * r * — — 9 * —— — | 2 
er 2 . wr 3 . Y 1 5 4 - 

— . — — 


_— On Cre — 
2 — 2 * 3 
5 — 


ws * — 
* 2 
. — 
. To ns ports - a eriugt gh > OTA IgA 
2 9 
ER = Es X 


— 
— — — — 


neceſſary principle of all? We have not 
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\. Tars eaſily appears, when we conſider, 


1. That ſeveral kinds of nouriſhment, ſuch 
as leather, hair, horn-ſhavings, rags, and 


all vegetables, and vegetable juices, in an 


intire ſtate, prove proper food for vege- 
tables. 2. That all vegetables and vege- 
table juices afford thoſe very principles, and 
no other, by all the chymical experiments 
which have yet been made on them with 


or without fire. More arguments could be 
brought; but theſe two J think concluſive. 


Alx active and fixed is to be had every 


where, if we were not at much pains to ex- 
clude it. Elementary fire is to be found in 


all bodies. Earth may be ſupplied by any 


foil managed with proper care. Water 
drops from the clouds. Oll is a natural 


principle of all earth, deſcends with the 


rains and ſnows, and is communicated to 


the ground by all the vegetable and animal 
manures, in a ſound or putrid ſtate, as our 
experiments have ſhewn. But whence the 
falt, the moſt active, and, therefore, moſt 


as 
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as yet diſcovered any in rich ſoil, nor wo 
in the manures moſt uſed, viz. lime, mar], = 
ſhells, chalk, &'c. This is an important 
queſtion 3 opens up the action of almoſt 
all manures, and of rich ſoils ; ſhows 
wherein the effect of the air conſiſts ; and 
therefore, deſerves a particular diſcuſſion. 
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THE preceding experiments have ſhown, 
that all fertile ſoils, and all manures, ex- 
_ cept thoſe already converted into a mucila- 
ginous nature, conſiſt of particles, which, 
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in part, or all together, attract acids. 
Dung, the aſhes of vegetables, burnt earth, 
contain ſuch particles; lime, marl, animal 
ſhells, chalk, &c. are wholly of this nature. 
Theſe then muſt attract and retain all 
acids, when they come within the ſphere 1 ; 
of their attraction. If the air, to which 128, 
the foil is continually expoſed, contains any 
acids, theſe bodies will draw it out, and be 
converted to a neutral ſaline ſubſtance, en- 
joying the properties of falt, ſuch as ſolu- 
bility in water, diſſolving oils, and render- 
ing them. miſcible with water. Nothing, 


then, 
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then, remains to be proved, in order to the 
converſion of theſe manures into a ſalt, 


but that the air contains an acid falt. 


'Tr1s has been the opinion of the greateſt 
chymiſts, not from theory alone, but be- 
cauſe they diſcovered, that alkaline ſalts, 


when expoſed to the air, were converted 
into neutral ones; and that metals, ſuch 
as tin, copper, and lead, were corroded, 
and converted to a ſalt. Whether there is 


ſuch a ſalt, and what its nature, will be 


beſt aſcertained and illuſtrated, by conſider- 


ing the manufacture of nitre. This proceſs 


too will ſhow the operation of the different 
manures, as theſe are the very materials 
uſed i in this manufacture. 


THE moſt common materials out of 
which nitre is made, and, therefore, called 


the matrix of nitre, are the rubbiſh and 


earth of old houſes, and eſpecially of dove- 
cotes, ſtables, and church. iſles; particular 


fat earths ; the aſhes of burnt vegetables; 


putrefied animal or vegetable ſubſtances ; 


and 


tr; 


— 


and ſome particular kinds of ſtones. Theſe 
materials are expoſed to the air for ſome 
months, particularly the winter months; 
for, during that time, nitre is generated in 
the greateſt plenty. The place where the 
materials are expoſed, ſhould be acceſſible 
to the air and winds, but not to the rays 
of the ſun, or to the rains. The air is ne- 
ceſſary, as it generates the nitre; but the 
ſun is deſtructive, as it exhales it. The rains 
are prejudicial, becauſe they waſh it away 
when made. Drought 1s as deſtructive, as 
that exhales the faline parts after they are 
formed, and hinders the fermentation, ne- 
ceflary to draw the nitre, and to open the 
matrix to receive it. It is obſerved, that 
the north winds are particularly productive 
of the ſalt. In the Indies, from which we 
have moſt of our nitre, they expoſe earth 
of a particular kind, mixed with putrefied 
vegetables, to the air, and from that ex- 
tract the nitre. Tournefort tells us, in his 
travels, vol. ii. p. 289. © In our conver- 
« ſation in the caravanſera of Erzeron, we 
learned from thoſe of the caravan of 

Van, 
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to the air, they are put into different caſks, 


144 We Principles of Part Ill 


« Man, a Turkiſh town on the frontiers of 


| 
« Perſia, that they carefully lay up in 94 
« heaps, the dirt of the great roads, which , 
« are frequented by caravans of camels, i 
« This earth they waſh, and every year get t 
cout of it about 100 quintals of nitre.“ t 
: ft 
In the manufactory of nitre at Paris, 10 
where there is much made, they expoſe the 1; 
rubbiſh of old houſes, mixed with the aſhes 1 
of burnt vegetables, to the influence of the IM +, 
air for ſome months, and moiſten it often q 
with ſtale urine; and from thoſe materials 
extract their nitre. After all the nitre is 
got out of them, they are as fit as before to iſ ni 
form more ; and are again thrown on the thi 
heap. This fact ſhows, that this ſalt is its 
not the natural ſalt of the earth, but formed we 
by its expoſition to the air. After theſe 


earths have been expoſed a ſufficient time 


and water poured over them, to lixiviate or 
diſſolve the ſalts. The materials muſt be 
frequently ſtirred about in the water, that 
it may diſſolve the ſalts. After the water is 
ſufficiently 
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ſufficiently impregnated with the ſalts, they 
draw it off, and add to it ſome quick-lime, 
and the aſhes of vegetables or alkaline ſalts, 
if it has not already got enough of them; 
the former to ſeparate the oil from the alt, 
the latter to give it a fixed alkaline baſe in- 


ſtead of an earthy one. They add alkaline 
ſalts, as long as their addition makes the 
liquor take a milky appearance, and yield 
a precipitation. When no more precipi— 
tation happens, then they decant the li- 
quor, and boil it up. 


LET us now inquire into the origin of 
nitre. There are various opinions about 
this ſalt ; nor are chymiſts yet agreed about 
its birth. Some alledge it is attracted, as 
we ſee it, from the air : others, that it is 
produced from the animals and vegetables, 
or their juices mixed with the nitrous earth, 
and putrefying there: others, that is is 
formed from the vitriolic acid, joining to 
the phlogiſton, or inflammable matter of 
theſe ſubſtances: and others, that the acid 
of nitre is a different acid from the former, 

* and 


rn 
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and attracted by theſe bodies, which are its 
proper matrix. Let us examine theſe dif. 
ferent opinions. 


 SALTPETRE is an artificial body, as none 
of it has ever yet been found in the bowels 
of the earth. Some, authors, on this ac- 
count, thought that the nitre was altoge- 
ther attracted from the air by the mate- 

rials expoſed to it. But this opinion is ap- 

parently falſe, as no nitre can be got from 

thoſe materials before an alkaline ſalt is 

added to them. The acid, indeed, does 

exiſt in theſe materials, as I ſhall after- 
wards ſhew ; but the alkaline baſe muſt be 

given it by art, before any nitre will cryſ. 
talliſe. Beſides, nitre is not of itſelf a vo- 

latile body ; and, therefore, cannot float in 

the air. The aereal nitre, which is got 
ſticking to old walls, is a very different ſub- 

ſtance from the nitre we are juſt now 
treating of. It has very different proper- 
ties, ſuch as efferveſcing with all acids, and 
a urinous talte, 


LEMERT, 
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LEMERY, in a paper in the Mem. de 


P Acad. des ſciences pour P annee 1717, main- 
tains an opinion peculiar, I believe, to him- 
ſelf, That the nitre which 1s generated, 
ariſes from the animal and vegetable ſub- 
ſtances which are uſed to collect it. The 
arguments which he makes uſe of to ſup- 
port his opinion, are, indeed, few and 
weak. I think his chief one is, that he has 
extracted a nitrous ſalt from ſome vege- 
tables. It is true, that ſome of them do 
contain, in their natural ſtate, an inflam- 


mable falt, which appears to have many of 


the properties of nitre. This is the caſe 
with the carduus benedictus, wild cucum- 
ber, and pellitory. Boildue, in 1734, has 

2 paper in the academy of ſciences, where 
he ſays, that he extracted real nitre from a 


decoction of bourache, eſpecially when he 


added ſome quick-lime to it, to fix the oily 
particles the better, that the ſalts might 
cryſtalliſe. He ſays, that a mould which 
formed itſelf on this decoction, after it had 


been kept for ſome time, burnt like oil and 


nitre. But all this is no proof, that the 
N 2 nitre 
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nitre comes from the vegetables uſed in 


the making nitre; for all kind of vege- 
tables do equally weil, even thoſe which 
contain a vitriolic falt. Beſides, no fixed 
ſalt is ever got from putrefied vegetables, or 
from any animal ſubſtance, which Lemery 
icems to have torgot. It 18 lurpriſing, that 


a chymiſt ſhould fall into ſo great an error. 


Theſe vegetables and animal ſubſtances act, 


as we ſhall ſoon ſee, in a very different 


Way, by affording an abſorbent earth, and 
volatile alkaline ſalt, and ſo increaſing the 


matrix to extract the acid from the air; 


and by keeping the matrix open to admit 
the air, by a continual fermentation car- 


ried on in the body expoſed. 


THz third opinion, which almoſt all 
chymilts follow, is, That the alkaline vola- 


tile ſalts, produced by the fermentation of 


corrupted bodies, animal or vegetable, and 


the abſorbent terreſtrial particles, which 
are uſed as the matrix to make nitre, at- 


tract from the air, which is plentifully 


ſtored with it, the acidum vagum, or vitri- 
olic 
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olic acid; which joining with the oil of 
the matrix, ſtored with it, becomes the 
acid of nitre. This univerſal acid, Ham- 
berg makes the origin of the nitrous and 
the marine acid: for, added to an inflam- 
mable matter, it becomes the nitrous acid; 
to an arſenical matter, it becomes the 
marine acid. The arguments uſed in fa- 
vour of this opinion are, 1. That putrefied 
animal ſubſtances are employed in the for- 
mation of nitre, and, therefore, the oil 
mult join with the vitriolic acid. But this 
concluſion will not be allowed as a juſt one, 
ſeeing theſe putrefied ſubſtances. may have 
other uſes, as we will ſhow. It will pre- 
ſently appear, that nitre may be got with- 
out any oily matter. 2. The ſpirit of 
nitre has a reddiſh colour, which they ſay 
is an argument, that it contains an inflam- 
mable ſubſtance, and it is that ſubſtance 
which gives the colour to all bodies. But 
we know many bodies which are coloured, 
although we have never yet been able to 
ſhew that they contained an oil; therefore 
this may not. 3. The inflammability of 

1 1 
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nitre, which it owes to its acid, proves, 
they fay, that it contains an oily principle, 
which is the only inflammable body that 
we know. To this opinion: the anſwer is 
plain That nitre of. itſelf is not inflam- 
mable, unleſs it meets with an inflamma- 
ble body. This argument becomes rather 
an objection againſt this opinion, as it 
may be ſaid, that nitre inflames with all 
bodies which contain an oil; and as it is 
not inflammable of itſelf, therefore it does 
not contain an inflammable ſubſtance. 

Tris leads . to the laſt opinion, That 
the nitrous acid exiſts in the air, and is at- 
tracted from it. This opinion, though 
ſcarcely maintained by any chymiſt, to me 
appears to be the ſtrongeſt, though {till 
liable to fome objections. The firſt argu- 
ment for it is, That alkaline ſalt and cal- 
carious bodies of themſelves, without a 
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mixture of any vegetable or animal matter, 
will produce nitre; as we find by an expe- 
riment of Stahl, in which he got nitre by 
expoſing alkaline ſalts to the air. I have 

got 


Sect. II. — and Vegetation. 151 


got a nitrous ſalt from the lime taken out 
of park-walls. The ſecond is, That it is 
actually found exiſting in nature. Many 
mineral waters contain à nitrous ſalt, as 
appears by the experiments of Du Clos, 
performed before the academy of ſciences 
at Paris. I have diſcovered that the nitrous. 


acid exiſts in all hard waters“; and that 


all pit-well waters are hard, and contain 
a nitrous acid joined to an abſorbent baſe; 
which imperfect ſalt, by the addition of 
an alkaline ſalt alone, can be converted 
into real nitre. Thirdly, by boiling hard 
water, or expoſing it to a great degree of 
heat, the nitrous acid is really volatiliſed, 
and the abſorbent earth falls to the bottom. 
This proves, that the nitrous acid is vola- 
tile, and exiſts in the air. The ſpiritus 
nitri fumans is continually evaporating in 
the air. Theſe experiments prove, I think, 
beyond all doubt, that the nitrous acid ex- 
iſts in the air, diſtin from the vitriolic 
acid. This nitrous acid appears to be the 


fructifying 


* Vid. Experiments on bleaching. 
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fructifying principle which we formerly dif- 


covered | in the air. 


Tr1s point being ſettled, let us now ac- 
count for the different changes brought 


about in the making of nitre. All earths 
are not fit for this purpoſe ; only ſuch as 
are attracters of acids, or abſorbent earths, 
viz. lime, mar], and the other abſorbents; 
or putrified vegetables and animals, which 
afford. an abſorbent earth, and likewiſe a 
volatile ſalt. Almoſt all earths have more 


or leſs of abſorbent particles in their com- 


poſition. Theſe abſorbent earths catch the 
nitrous acid, as it paſſes by them with the 
air, or fix and collect it as it ariſes from 
the inner parts of the earth: For I am not 
fure but it may be got likewiſe in that 
way; at leaſt it does not ſeem to riſe very 
high from the ground. Mariot's experi- 
ment is a proof of this. He expoſed the 


matrix of nitre for two years on a houſe- 


top, and could get no nitre from it; but 
got it from the ſame matrix kept in a 


cellar. 


; = . THE 
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THE mixture of urine, and of putrefy- 


ing vegetable and animal ſubſtances, will 
de of conſiderable uſe in carrying on an 
inteſtine motion in the maſs of earth, keep- 
ing it open, and allowing the influence of 
| the air to penetrate deeper into the body. 
If there was no ſuch putreſcent body mix- 
ed with it, the maſs would cohere too 


firmly together, and its ſurface would only 


act; whereas now the whole body acts. 
It is in this way that I imagine the animal 
and vegetable ſubſtances chiefly operate, 
and not by entering into the compoſition 
of the nitre, as moſt chymiſts aſſert; be- 
caule nitre may be made by expoſing alka- 
line ſalts alone to the air; for alkaline ſalts 
attract acids, and are ſo looſe as to ſtand in 
need of no fermentation to open their 
texture. The north wind 1s particularly 
proper for the generation of nitre, be- 
cauſe that wind muit bring more of the 
nitrous acid along with it. That the cold 
we feel from that wind, 1s chiefly owing 
to a greater quantity of this acid, I think 
is probable, though not demonſtrable. The 


winter 
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winter months are particularly good, as 
the north wind blows more in that ſea- 
ſon than in any other, and as there is leſs 
heat to exhale the nitre during the opera- 
tion. 


In this way the matrix of nitre is im- 
pregnated with the acid of nitre. Let us 
now ſee what this matrix at preſent con- 
tains. We have the analyſis of it by Pe- 
tit in the academy of ſciences. He took 
50 lb. of old plaiſter, and diſſolved it in 
72 lb. of water. This gave a pungent 
bitter reddiſh liquor, which was in weight 
to common water as 32 to 31. When 
the water was boiled into a liquid extract, 
for it would not harden, it ſoon attracted 
the moiſture, and turned liquid again. It 
turned blue paper red; ſhowed no effer- 


veſcence with /þ. nitr. or ſp. ſal. mar. ; and 


when mixed with the former, diſſolved 
leaf gold. OY. vir. made a violent fer- 
mentation and precipitation with it. 0. 
tart. p. d. did not eaſily mix with it ; but 


when ſtirred, produced a coagulum like 


butter. 


ti 


{ez 
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butter, and gave a ſtrong urinous ſmell. 
If ſublimate was mixed with the ol. tart. 
no urinous ſmell was felt. This coagulum 
was owing to a ſeparation and precipita- 
tion of much earth. Spirit of urine had 
the fame effects; but /þ. /al. ammon. made 
with lime, had not. Brown paper dipt in 
it, burned like a match. Iheſe experi- 
ments ſhow, that it contains abſorbent 
earth, volatile falt, the acid of nitre, and 


ſea- ſalt. 


Hz diſtilled it for five days, and nothing 
but phlegm, very much charged with a bi- 


tumen, came over. When the utmoſt 
force of fire was applied, white clouds ap- 
peared in the receiver, which clouds con- 
denſed into ag. reg. By two other diſtilla- 
tions he got H. nitr. When ol. vitr. was 
added to it, there happened a violent ebulli- 
tion, and ag. reg. was diſtilled from it. By 
the aſſiſtance of quick-lune, a ſmall quanti- 
ty of p. vol. urinæ was got. It appears 
again to contain an olly ſubſtance, earthy 
matter, volatile falt in a ſmall quantity, ſome 
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of the marine acid, and a great deal of „. 
nitr. It is ealy to account from whence 
it has got the inflammable matter and vo. 
latile ſalt, viz. from the putrefied vegetable 
and animal ſubſtance mixed with it. The 


ſca -ſalt comes from the urine of animals 
poued on the matrix of nitre. But he 
never could extract real nitre from this 


nitrous carth. That cannot be done, till 
it has got the addition of an alkaline ſalt 
by itſelf, or contained in the aſhes of ve- 


getables. Theſe are generally added to 


the nitrous maſs before the water is pour- 
ed on; if not, they muſt be added after- 


wards. 


Tux effect which they produce is, to 


join with the nitrous acid, whenever a ſuf- 
ficient quantity of water is added for them 
to act: For alkaline ſalts attract the acid of 


nitre more ſtrongly than the earthy bale 


does, and the earth is ſhaked off. Hence 
it happens, that in boiling, the liquor de- 


poſites much of this earth. There ſhould 


as much alkaline ſalt be added, as to lan- 
| - te 
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rate the nitrous acid fully, and ſhake off 
all the abſorbent earth. The alkaline ſalt 


cannot join to the marine acid, becauſe - 


that has already got an alkaline bale. 


Ir theſe abſorbent earths attract the acid 
of nitre from the air, in the manufacture 
of nitre, ſurely they will do the ſame when 

laid on the earth, and be converted to the 

fame ſalt, conſiſting of the nitrous acid and 
an abſorbent baſe. It is not, therefore, a 
real nitre, as was thought, which is the 
cauſe of vegetation, but an imperfect ni- 
trous falt. This reaſoning admits yet of 
ſtronger proof, when we conſider, that this 
very ſalt exiſting in hard waters, has alrea- 
dy, by experiment, appeared to be a great 
alſiſtant of vegetation ; and that an artifi- 
cial one, of much the ſame nature compo- 
ied of lime and fpirit of nitre, when join- 
ed with a proper quantity of an oily ſub- 
ſtance, rendered a poor ſoil remarkably 
fertile. 
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Ir this reaſoning is juſt, the effects of 
different manures on the ground ſhould be 
viſible, in proportion to their ſtrength of 
attracting acids. This happens really ſo 
in fact, and is a ſtrong confirmation of 
the truth of our reaſoning: For aſhes have 
the ſpeedieſt effects of any manure ; be- 
cauſe the alkaline ſalts which they contain 
attract acids ſtronger than any body. Soot 
and dung come next, which are volatile al- 
kalines, whoſe attraction comes next to the 
firſt; then the claſs of abſorbent earths. 
The ſame obſervation is made of the marls: 


«. . 4 a 


For, according to their rank as attracters 
of acids, ſo they operate on ground; firſt 
ſhell, next clay, and laſt of all ſtone marl; 
which will ſometimes continue in the 

ground four or five years before it ſhow 
any effects. The ſame turn all theſe ma- 
nures keep in loſing their effects; for the 


ſooneſt converted to ſalt muſt be the ſoon- 
eſt exhauited. 


ww 
mm. 


= 
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AN objection will naturally occur to eve- 
ry one againſt this opinion, though ſupport- 
| ed 
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ed by the greateſt ſtrength of experiment; 
which is, That no ſuch nitrous ſalt is got 
from fertile earth. In general, theſe ab- 


ſorbent particles are in ſuch ſmall propor- 


tion, even in the richeſt ſoil, and ſuch a 
ſmall degree of fermentation is carried on 


in it, that there are only a few of theſe 


particles, and theſe too on the ſurface, ca- 
pable of being converted to this ſalt; and 
they are no ſooner converted than abſorbed 
by ſome plant. Theſe conſiderations ſhew, 


that little of this nitrous ſalt is to be ex- 


pected from any ſoil. That it is ſometimes 
got, appears from this paſſage of Lord Ba- 
con, Hiſt. vit. et mort. Certiſſimum e/t, 


quamcunque terram licet puram, neque nitro- 


fis admixtam, ita accumulatam et tectam, ut 
 immunis fit a radiis ſolis, neque emittat ali- 
quod wegctabile, colligere etiam ſatis copioſe 
nitrum. 


ALMosT every perſon who has examin- 
ed the contents of this ſoil, has denied, 
however, the exiſtence of this nitrous ſalt 
. | O 2 in 
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in it. Let us apply to experiment for 3 
deciſion of this queſtion. 


. Io put this queſtion beyond 


all doubt, I took from a molehill ſome rich 
ſoil in the month of October, poured water 
on it, and filtered that water through 
brown paper. This liquor, when boiled 
up, was yellow, and taſted ſaline. The 
ſalt appeared plainly to be nitrous; as 
brown paper, dipt in this liquor, and dried, 
burnt like a match. On an addition of 


ol. tart. p. d. the liquor turned milky, and 


let fall a white powder ; which ſhows the 


falt to be of the ſame nature with that of 


hard water. At firſt, I could get no ſalt 
by cryſtalliſation, as the liquor was very 
unctuous, and in ſmall quantity. But on 


treating it in the ſame manner as the manu- 


facturers do the materials of nitre, vix. 
adding ſome quick: lime to ſeparate the oil 
from the ſalts, and allowing it to ſtand 


ſome days, I got from it a true ſaltpetre. 


This experiment ſhows the ſaline part of 


the vegetable food to the eye. 
| From 
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From what has been ſaid, we may learn, 


Cor. 1. That as hot weather hurts the 


formation of nitre, by exhaling it, and as 


the winter and ſpring is the time in which 
it is moſtly generated, all dung ſhould be 
laid out in thoſe ſeaſons. 


Cor. 2. As theſe manures become fer- 
tile by the action of the air, the longer 
they are expoſed on the ſurface of the 
earth, ſo much the faſter will they be con- 
verted to the nitrous ſalt. Farmers are now 
convinced of this from experience: But 
ſuch bodies as contain a nutritive juice al- 
ready formed, as woollen rags, baſk, horn- 


ſhavings, leather, ſaw-duſt; or thoſe which 


already exiſt in the form of a neutral ſalt, 
ſuch as ſea-ſalt, cannot be benefited by the 
influence of the air. Experience has like- 
wiſe confirmed this obſ- ervation. Theſe 
are ſtrong proofs of the juſtneſs of the 
preceding reaſoning. : 


Cor. 3. As the north-wind is obſerved to 
bring moſt of the nitrous acid, it would 
983 ſeem 
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ſeem to follow, that banks which have a 
north aſpe& ſhould receive moſt of it. It 
is obſerved, that they are, in general, richer 
than thoſe of a ſouthern aſpect. As the 
former have not ſo much ſun as the latter, 
they ſhould be leſs fruitful : But our the- 
ory of vegetation affords a ſufficient reaſon 


tor this fact. 


Cor. 4. It appears from the manufaQure 
of nitre, that all thoſe abſorbent meagre 
earths uſed in agriculture, will be rendered 
more capable of anſwering their purpoſe, 
by an addition of ſome putrid ſubſtance, 
vegetable or animal, to open their texture, 
and make them more pervious to the in- 
fluence of the air. Hence the advantage 
of mixing animal or putrefied vegetable 
ſubſtances with chalk, marl, lime, or the 


aſhes of vegetables. 


Cor. 5. As the proceſs for preparing ve- 
getable food is the ſame with that for mak- 
ing nitre, farmers ſhould imitate the ma- 

nufacturers 
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nufacturers of nitre, and the nearer 


they approach to the methods found moſt 
convenient to increaſe the product of nitre, 
the more will they multiply the vegetable 
aliment. In France all old walls and houſes 
belong to the King, and are made uſe of 
for the extraction of faltpetre. The King 
of Pruſſia, by a regulation of conſummate 
policy, has eaſed his ſubjects of this bur- 
then, ſhortened the proceſs, and increaſed 


the quantity of ſaltpetre. He has ordered 


walls of certain dimenſions to be built 
near every village; they are compoſed of 
the earth of granaries, ſtables, or cellars, 
mixed with other fat earth. They are 
built to ſtand ſome years, till they are ſut- 
hciently impregnated with ſaltpetre. It is 
obſerved by Dr. Piet/ch in his Penſes ſur le 
generation de nitre, that the people employ- 
ed in theſe works, are yet very ignorant, 
that they might meet with much fat earth 
below the ſurface, very fit for their pur- 
poſe, and that there ſhould always be a 


proportion of abſorbent or calcarious earth 
in 
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in theſe walls. He ſays, that there is al— 
ways leaſt nitre on the ſouth fide of the 
wall. He orders, that all vegetables ſhould 
be pulled from the wall, as they conſume 
the nitre ; that no cattle ſhould be allowed 
to come near them, as they are fond of it; 
and that they ſhould be covered with 
ſtraw, to hinder the rains from waſhing 
of the nitre : What ought then to hinder 
our farmers from making ſuch walls of 
fat earth, dung, eſpecially that of pigeons, 
ſtraw, which will take a time before it 
rots, and a ſmall proportion of lime, marl, 
or ſhells? Moſt of theſe materials will be 
found every where. In two years they 
would become a very rich manure. They 
would operate inſtantly ; whereas, it takes 
wo years before many of our manures 
have a ſenſible effect on the ſoil. Although 
heavy rains waſh off the nitre, yet a gentle 
moiſture of the materials is of uſe, as it is 
neceſſary to the attraction of all falts. 
It has been obſerved, that the ſouthern 
fide of theſe walls has leſs nitre. To re- 

- medy 
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medy theſe defects, I would RE” that Cl 
the wall ſhould be ſhadowed on the ſouth | | 
by a hedge, which will keep off the rays. | i 
of the ſun, hinder it from turning too | 


dry, and allow the air a free paſſage. The 5 
putrefaction, which goes on in ſuch a ſitu- 2 
ation, will be of great advantage to the _—_ 
proceſs. „ 1 
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P ART I. 


SECTFOWw Bf 
Of opening and pulverizing the ſoil. 


TT is not only the buſineſs of the farmer 


to provide food for plants, but to take 
care that they are able to reach that 
food. It is of no uſe if the roots cannot 
pierce the ground, to get at it. Hence 
tlie neceſſity of opening and pulverizing the 


ſoil. Plants are fed moſtly by their roots; 


nor do they begin to grow, until theſe roots 
are ſo numerous as to nouriſh both them- 
icives and the ſtem. The wider theſe 
roots are ſpread, the more nouriſhment wall 
the plant receive, the ſtronger will it be, 
the larger will it grow, and the better will 
it anſwer the deſign of nature. 


Bur this is not the only view with 
which we ſhould favour the growth of the 
| root. 
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root. That part ſeems to be the great cauſe 
of fecundity ; for it not only nouriſhes the 
plant, but ſends up many ſhoots and plants 
itſelf. A ſmall piece of the root of many 
difterent plants will breed a plant. Many 
ſtalks ariſe from the roots of all the diffe- 
rent grains, long after the grain itſeif is 
corrupted. Hence, the more roots the 
more chance of plants: but the quantity 
of roots ſcems to depend, in a great mea- 
ſure, on the openneſs of the ſoil. 


THE foil may indeed be too looſe; for 
it muſt have a certain conſiſtency and co- 


heſion to ſupport plants. The gravelly 


ſoil is the worſe of being often ploughed. 


It is obſerved, that a light foil, when much | 


dunged, produces a worſe crop of peaſe 


than when not dunged. But too great 


looſeneſs is a rare fault, and is ſoon reme- 


died. Too great ſtiffneſs of the ſoil is 


what the farmer has moſt frequently to 
ſtruggle with. 


LEr 
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Lzr us, then, examine the methods by 
which it is kept looſe. Theſe may be di- 
vided into natural and artificial. 


| SECT. Ml 


Efefts of the atmoſphere. 


HE alternate viciſſitudes of the air, 
are the chief means that nature 
makes uſe of to attain this end. Heat and 


cold, moiſture and drought, contract and 
dilate it by turns ; and, by theſe alternate 
motions, ſhake the particles aſunder. But 
there are no means ſo efficacious as froſt 
and thaw. Every one mult have obſerved, 
how looſe the ſoil is after a froſt. Many 
vegetables are at this time ejected out of 
the earth altogether. 


FrosT ſeems to act in different ways. 
1, By changing into an elaſtic ſtate much 
of the fixed air, which muſt ſhake and 
open the ground, to gain an exit. 2dly, 
By the dilatation of the water, 'as it freezes 

| ES in 
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in the earth, the adhering particles muſt 


be ſeparated. 340, The particles of wa— 
ter ſhooting out in the manner of ſalts, 
muſt cut and divide the ſoil. 


Cor. That the ground may receive, in 
the ſtrongeſt manner, the good effects of 


froſt, it would appear reaſonable, that it 
mould get one ploughing before the froſt 
comes on. One furrow at this time will 
attenuate it more than two afterwards. 
Regard muſt always be had to the climate; 
for where much rain falls in the winter, 
this practice would prove pernicious, by 


expoſing the ſoil to N away. 


er 
Change of ſpecies. 


Hrre are ſome plants deſigned by the 
Author of nature to fix the foil; 
there are others deſigned to open it. One 
great diviſion of plants is into the fibrous 
and 
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and carrot rooted. The fibrous-rooted di- 
vide directly into ſmall fibres, which run 
in all directions, but moſtly horizontally ; 
the carrot-rooted ſend one great ſtem di- 
rectly down, which has lateral fibres. The 
former, in which claſs are reckoned all the 
white grains, rye-graſs, &'c. conſolidate the 
ground; while the latter, in which claſs are 
reckoned the liguminous plants, carrots, 
turnips, clover, &'c. attenuate and looſen 
the ſoil excecdingly. The clover is often 


ejected altogether out of the ground after 


a froſt. 


Tr1s effect muſt depend on the nature 
of the roots. The fibrous roots mult bind 
the ſoil together like ſo many threads, 
while the carrot root deſcends hke a wedge, 
and by its mere mechanical force cuts the 


earth ; perhaps the latter may operate, 


likewiſe, by ſeparating more moiſture from 
its root to keep the earth looſe. Some 
piants 9 to have this quality. A 
ſprig of mint, which has ſome roots in 
water, and ſome in earth, will, according 
P 2 to 
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to Tull's experiment, moiſten the earth 


from its. roots. The liguminous plants, by 


covering the foil, Keep it moiſt, hinder the 


fun to conſolidate it, and deſtroy the weeds. 


which help ſo much to bind it. Hence the 


reaſon why a change of ſpecies meliorates 
the ſoil ſo much. When the ground is 
often ſowed with white grain, it turns ſtiff. 


A crop of peaſe, beans, or clover, pulve. 
rizes it again. 


FARMERS have diſcovered, by expe- 
rience, that all the fibrous-rooted plants 


impoveriſh the ground, and do not thrive 


when they ſucceed one another ; while the 
carrot-rooted enrich the foil, and may fol- 
low one another with ſucceſs. The latter, 


by opening the ground, make the influ- 


ence of the air on it reach deeper, and con- 


fequently help to produce more of the ve. 


getable food; while the former, by conſo- 


lidating the ground, ſhut out in a great 


meaſure, the influence of the air, and 
make the ground leſs fertile. 
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Ir is remarked, that not only a change 
of ſpecies, but alſo a change of grain, is ne- 


ceſſary: for the ſame grain ſown in the ſame 


ground is obſerved to degenerate. This de- 
pends on another cauſe. It ſeldom happens, 
I believe, that the vegetable food is of a 
due mixture and conſiſtency. As ſoils are 


generally either too wet or too dry, too 


light or too ſtiff; ſo muſt the vegetable 
food be either _ and watery, or too 
thick and gluy. The vegetable muſt at 
laſt be hurt from a conſtant ſucceſſion of 
one ſort of food, and can only be recovered 
by a ſoil poſſeſſed of oppoſite qualities. 


SECT. 


Of ploughing. 


LoUGHING is the artificial method of 


pulverizing moſt known and moſt 
practiſed. It acts in two ways; by an im- 
mediate mechanical diviſion and trituration 
of the foil, and by a more frequent and 
extenſive expoſition of it to the influence 
T4 and 
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and viciſſitudes of the atmoſphere. I believe | 
the latter operation is the principal one; 
for ſo groſs an inſtrument would ſeem very | 
.unfit to prepare the earth to enter the « 


capillary veſſels of plants. Its effects, 
however, are very remarkable. They are 


beautifully and ſtrongly illuſtrated by the 
ſtory related by Pliny of Caius Furius Cre- t 
ſinus. That farmer, having better crops I 
than his neighbours, fell under the ſuſpi- [ 
cion of witchcraft, was accuſed before the | 
people, and ſaw himſelf ready to be con- 
demned to death. When the tribes were n 
| going to vote, he at once produced his 12 
ruſtic inſtruments, of a greater ſize than 
1 common, larger oxen, and heavier ploughs; 
N and added theſe remarkable words: Ve- n 
neſicia mea, Quarites, hæc ſunt ; nec poſſum b 
N vobis gſtendere, aut in forum adducere, lu- i 
. cubrationes meas, vigilias, et ſudores. IIe WW 3 
1 was unanimouſly abſol ved. Eb 
U 1 
Tk good effects of ploughing depend iſ LU 
entirely on the drineſs of the ground: for Ii © 
if it is wet, the ground is conſolidated in⸗ 
ſtead 
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ſtead of being opened; and remains in that 
uſeleſs ſtate till the next winter's froſt looſens W 
it again. None but dry bodies can be re- th 
duced to a powder. 
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Taz farmer muſt open the ground as 
deep as the roots of his corn penetrate, that 
they may find an eaſy paſſage: and yet he 
mulſt take care not to go below the foil in 
ploughing, elſe he will bury what has been 
benefited by the air, and expoſe to the air 
what perhaps cannot. Hence the plough 
muſt be proportioned to the depth. of - 
good ſoil. 
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Ix ſeems ſtrange, that there is not a 
more certain way of fixing the depth of the 
plough, and preſerving it in that preciſe 
ſituation which the ſoil requires, than the 
attention of the ploughman. That muſt 
be often ſuſpended by external objects and 
fatigue; and then the cattle and ſoil ſuffer. 
Does not the wheel -plough remove this 
odject! jon? | 
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Tus ſtiffer the ſoil, the oftner ſhould 
it be ploughed. Clay cannot be ploughed 


too often; lighter ſoils perhaps may. lt is 


allowed by many farmers, that the gravelly 
foil may be hurt by too frequent plough- 


ing. 


As this operation depends on the prin- 
ciples of mechanics, and not on thoſe of 
chymiſtry, I ſhall leave it almoſt untouched 
to the conſideration of ſome other perſon. 
It is a ſubject worthy of attention ; and al- 
though well enough underſtood, perhaps, 


for common practice, yet has it not been 


reduced to that mathematical exactneſs 
which all mechanical agents are capable 


of. I wiſh that ſome practical farmer, 


ſkilled in mechanics, would lay down the 
principles on which ploughs ought to be 
conſtructed, and ploughing conducted. He 


would merit much from the community. 


SECT. 


—— 


SECT Bi 
Of compoſts. 


"F'HeRrE is another method which art 
uſes to keep the ſoil looſe ; and that 


is, by the admixture of putrid and fer- 


menting bodies. We have ſeen that theſe 
bodies have a ſtrong inteſtine motion before 
they are laid on the ground : they continue 
that afterwards, though in a ſmaller degree. 


The fat ſoil of church-yards ſwells ſo much 


when expoſed to the air, by its fermenta- 
tive power, that it will not go altogether 
into the ſame hole out of which it was 
dug. Clay, which has ſo few putreſcent 
particles, is the moſt adheſive foil of any. 
We have ſeen already how much ſhells, 
when they begin to putrefy, open the ſoil. 


BuT there are other compoſts, though 
not of the putrefiable ſort, which have this 
attenuating power in a ſtrong degree. In 
this claſs are all the marls, but eſpecially 


the 
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178 The Principles of Part IV. 
the ſofteſt, ſuch as the clay marl. We 


have found how readily they loſe all ad- 
heſion in water, and fall down into a 
powder. The fame power they commu— 
nicate to other earth, even to the moit ad- 
heſive. The following experiment is a 


proof of this. 


Exp. 38. Take equal parts of marl and 
clay, mix them well together, and dry 
them; when this compounded ſubſtance is 
put into water, it falls by degrees to the 


bottom of the glaſs in the ſhape of a 


powder, while a ball of pure clay remains 
quite undjifiolved in water. This ſhows 
the ſtrong attenuating power which marl 
has, and which no other body can come 
up to. It is obſerved, that all Clay grounds, 


after they are marled, dry fourteen days 
ſooner than what they did before. This 


is owing to the ſoil being more looſe, by 
which means the water pervades it more 
eaſily. 
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I x Now that this opinion contradicts the 
common one, that marl is not fit for clay 
grounds. From whence the Jatter has 
taken its riſe, I know not, if it is not that 
bodies of ſuch a ſimilar appearance cannot 
be allowed to benefit one another. But 
the experience of many counties where 
marl is uſed, and where the ſoil is gene- 


rally a deep clay, contradicts this vulgar 


opinion. The following experiment puts 


it beyond all doubt. 


Exp. 39. I filled a pot with clay of the 
fame kind I had uſed in the former experi- 
ments, which had been expoſed to the air 
for four months, and ſeemed to have no 
mixture of any other earth with it, as it 
made good brick, with the addition of 
ſand; and had been taken up ſeven or 
cight feet below the ſurface. This pot I 
hall call No. 1. Pot No. 2. was filled with 
equal parts of clay and marl; No. 3. with 
equal parts of clay and ſoured lime; No. 4. 


with equal parts of clay and fea-ſand well 


waſhed ; No. 5. with equal parts of clay 
YT and 
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and dung. Theſe different compoſitions 
were turned daily. On the 26th of Apri/ 
fix grains of barley were ſown in each. 


Mey 14. No. 2. had two plants, above 
ground; No. 3. had four. 
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May 17. No. 2. had ſix; No. 3. had ſeven, 
two of which were from one grain; No. 4. 
and 5. had one each. 
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May 21. No. 1. had five, of which two 
were an inch and a half high ; No. 2. had 
ſix two inches high ; No. 3. were about the 
fame height ; No. 4. had two, one of which - 
was one inch high ; No. 5. had three, each 
two inches high. 


— — — 
n 

. 

— A. 8 


June 4. No. 2. talleſt and greeneſt; No. 3. 
very near it; No. 1. and 5. of an equal 
height, but the latter of a very light co- 


lour; No. 4. worſt of all. 20 
5 el 
Aug. 20. No. 1. about nine inches tall, 5 


and much withered. The roots ſeem not 
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to have pierced the clay, but to have ſunk 


along the cracks. No. 2. has nine ears, 


and thoſe of a very deep green colour. 
No. 3. has eight, but not of fo deep a green. 
No. 4. has five, and thoſe much ſmaller. 
No. 5. has nine, almoſt as good as No. 2. 
1 had no opportunity of ſecing them aſter- 
wards. 


Cor. 1. By this experiment it appears, of 
what great advantage it is to manure clay; 
tor, of itſelf, pure clay is not capable of 
producing good plants, becauſe their roots 
are not able to penetrate it. 


Cor. 2. Sand appears, in oppoſition to the 
common opinion, to be the worſt manure 
of thoſe uſed. It cannot indeed ſeparate 
the minute particles of the clay, which is 
the only uſeful ſeparation for the growth 
of vegetables. A little ſand rather ſeems 
to increaſe the union of the particles of 
clay, as appears from the manufacture of 
Brick. 


| 2 Cor. 
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Cor. z. Lime ſeems to be a good manure 


for clay. What I uted had been ſoured 


for ſome time. The effect which the air 
has on it, in changing it from quick-lime 
to effete lime, mult open the ground conſi- 
derably. 

Cer. 4. Dung and marl appear to be the 
beſt manures for clay. The former has a 


ſtrong fermentation ; the latter loſes all co- 


heſion when water is added. 


el... 


Of vegetation. 


T is worth our pains to take a ſhort 
view of what muſt happen to the vege- 
table food in the veſſels of plants. To cn- 
ter into a diſcuſſion of the anatomy of plants, 
would be foreign to the ſubject. I ſhall 


take that as demonſtrated by botaniſts. 


Tres nitrous ſalt being formed on the 


ſurface of the ſoil, will be wathed down 
by 
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by the dews and rains. It will diffolve 
what oils it meets with in its way, and 
conſtitute with them a ſaponaceous juice, 
containing, beſides the former principles, 
fixed air and fixed fire. This juice will 
be retained in the foil ; becauſe I ſhowed 
by experiment, that fertile foil acted like a 
ſpunge with reſpect to water. This natu- 


ral deſcent from gravity, and the natural 45 
| | | p | { þ 

aſcent from the heat of the earth and in- 9 
— | - ; | : 4} 
fluence of the ſun, muſt keep the nutri- 7 
tious juice in a continual motion; ſo that it 
muſt be continually applied to the roots of ß 


plants deſtined for the admiſſion of nou- 
riihment. 


Tux firſt queſtion which can raiſe any 
doubt here, is, In what manner do the 
juices ariſe to the tops of plants and trees ? 
Malhpighius thinks, this is owing, in a great 


meaſure, to the air-bladders which he diſ- 
covered in the ſtructure of plants, and 

which he thought behoved to dilate and 

contract, according to the different changes x 
of heat and cold which happen in our at- _ 

Q 2 moſphere. g 
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moſphere. To me it does not appear, 


that the dilatation of ſuch veſſels wouid 
force it more upwards than downwards, 


I ſhould rather i imagine, that ſuch a dilata- 
tion would ſtop the motion altogether. 


TIIE dauſc commonly aſcribed, vix. the 


action of capillary veſſels, appears to me 


ſuflicient for that end. Hales has demon- 


ſtrated the fact to the eye, by ſeveral expe- 


riments, in which a part of a branch, be- 
ing cut at both ends, and having its under 
part immerſed in water, a moiſture was im- 
mediately perceived in its upper part. This 


effect of capillary tubes muſt ariſe from the 


attraction betwixt the ſubſtance of which 


they are compoicd and water. 


Tres attraction betwixt wood and water 
appears to be very ſtrong, by an experi- 
ment related by Dr Taylor, in the Philoſo— 
phical Tranſactions, No. 368. He hung at 


à pair of ſcales a piece of fir board, ſoak- 


ed it in water, weighed it, and then im- 
merſed it again in water. To raiſe this 
piece 
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piece of wood, which had a ſurface of 
an inch ſquare, in contact with the water, 
fifty grains over and above its former 


weight were required. The additional 


weight in the different trials, he ſays, was 
always proportional to the ſurface. The 
diſtance of the under ſurſace of the board 
from the ſurface of the ſtagnating water, 
at the page of ſeparation, meaſured up- 
wards of es of an inch. This additional 
weight! is the real meaſure of the attraction 
betwixt that ſurface of wood and water 
in contact. 5 


THERE is another force that muſt con- 
tribute to raiſe the fap, viz. the natural 
attraction betwixt the conſtituent parts of 
the fluid. This muit certainly be the caſe, 
when the fap moves quickly, as in the vine 
in the, bleeding ſeaſon. Both theſe caules 
acting, and the evaporation going on conti— 
nually from the ſuperior parts of the veſ- 
ſels, the ſap riſes from the roots of the 
Plants to the extremity of their branches. 


ä Bur 
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BuT nature does not intend that this 


ſhall be done too quickly. There are 


many ſpiral veſſels, and many cells into 


which the ſap is depoſited, and by which 


it muſt be retarded. In theſe the ſap will 
be much altered in its nature, by the mo- 
tion of the plants, by the continual mo- 
tions of the air-veſſels, and perhaps by the 


particles of Iight taken in at the leaves. 


The juices are rendered richer by the ex- 
pulſion of the watery particles. The re- 
maining ones are partly applied to the ex- 
tremities of the veſſels, which run in all 
directions, horizontally as well as perpen- 
dicularly, and make the plant increaſe in 
breadth and length ; and partly go to the 
formation of leaves, flowers, fruit, &c. 


IT is eaſily conceived how plants, by the 


different combinations of the five prin— 
ciples of which their food is compoſed, and 
the combination of theſe in different de- 


grees, muſt differ very much in their juices 


and products. If their groſſer particles 
are to be ſeparated for any uſe, the ſub- 
tiler 


| fp. 6 — 
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tiler are all carried off by lateral veſſels, 
until none are left but what are wanted ; 
if the ſubtiler particles are to be uſed, they 
are to be ſeparated by ſinall veſlels fitted 
to receive them, inplanted in the larger, 
or in the cells where the juices are depo- 
ſited. In this way particles of any ſize 
may be lodged in any part of the plant. 
Hence all that variety in the falts, oils, 
and figures of plants. Hence all that va- 
riety of ſmells,” taſtes, virtues, and other 
qualities. 5 


How ſtrong the power inherent in the 
_ veſſels of plants to change and alter thoſe 


ſubſtances which are taken in, appears 


from an experiment of Homberg. He filled 
two pots of earth mixed with ſome falt- 


petre. Into one he put creſſes, which is 
an alkaleſcent plant, and affords a volatile 


alkaline ſalt, but no acid; into the other 
fennel, which is an aceſcent plant, and 
affords an acid on diſtillation, and no al- 
kaline volatile ſalt. He filled two other 
pots with earth, which had all its ſalts 
8 N 1 waſhed 
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waſhed out, if there were any in it. Into 
one he planted fennel, and into the other 


creſles, as in the former. The two plants 


in the nitred pots grew much better, and 
weighed much more than in the pots with— 
out nitre. The creſſes in the nitred pot, 
when diſtilled, gave no acid ſalt, though 
fed on a ſalt which contained an acid. 
The fennel fed in the waſhed earth gave 
an acid, though there was none in the 
earth. This experiment ſhows, that the 
veſſels of plants have a power of changing 
the ſalts taken in from the earth, into their 
own particular natural one, probably by 
combining them with different proportions 
ef water, oil, earth, air, and the particles 
of light which iflue from the ſun. 


Burr how ſhall we account for the diffe- 


rent external forms of plants? Shall we fly 
to the immediate hand of the Supreme Be- 


ing ? or, as this ought to be the laſt ſtep in 
philoſophy, can we find no chymical agents 
capable of this effect? From many expe- 
riments, which ſhow the natural inherent 

| power 
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power 1n falts, eſpecially the nitrous kind, 
to run into vegetations, as they are called, 
and to take the figure of plants, with 
branches, leaves, nay even an appearance 
of fruit, owing to the ſtrong attachment 
ſubſiſting between them and water, I have 
often been led to think, that the vegetative 
power of plants, nay their particular forms 
of vegetation, were owing to 'that vegeta- 
tive power inherent in their ſalts. In effect, 
we ſee that vegetative power ſtrongeſt when 
molt ſalt enters their veſlels ; that is to ſay, 
in the ſpring. 


Tus I have endeavoured to account for 
the effects of manures on the different ſoils, 
and for the riſe and changes of the vege- 
table food in the veſſels of plants, from 
thoſe remarkable attractions and aflinities 
which the Author of all has endued the 
ſmaller particles of matter with. Theſe 
are not, as is commonly imagined, mere 
paſſive bodies; but active, vigorous, and 
capable of producing thoſe changes by 
which nature is ſupported. I have de- 

monſtratetd 


ER 
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monſtrated theſe afſinities by experiment ; 
I have aſſumed no other principles; I have 


built my whole plan on theſe; I hope, 
therefore, that its ſimplicity will be a ſtrong 
proof of its truth. 


Bor whence theſe elective attractions 
which move the whole? Whence acquires 


matter the power of acting without itſelf? 


For that muſt be the caſe, unleſs we ſup- 


poſe an endleſs chain of material agents, 
Whence but from an immaterial being, 


who, by his order, firſt fixed theſe proper- 
ties to matter, and, by his immediate will, 
conſtantly ſupports them in the ſame tenor? 


It is on particles too minute for human 


— 


eyes, that the omnipotent hand chuſes to 
exert itſelf, and on their powers to erect 


this beauteous ſyſtem. Hence the origin 
of all motion, adheſion, increaſe, and or- 


ganiſed matter. 


Bur as all individual forms were deſign- 


ed to be of finite duration, he eſtabliſh- 
ed other articles with repulhive powers, 


, | and 


» . 


3 
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and mixed the ſeeds of diſſolution with the 
firſt rudiments of organical life. While 
the veſſels are pervious, and the motion of 
the fluids ſubſiſts, the attractive overba- 
lince, the repulfive powers, and the vege⸗ 
table or animal life continues. But when 
that motion ceaſes, and other circumſtances 
concur, the repulſive become too ſtrong 


for the attractive powers, diſſolve the com- 


pofition, and reduce the body to thoſe par- 
ticles of which it was at firſt made up. 
This is the great circle that Omniſcience 
has marked out, and Omnipotence circum- 


ſcribes itſelf to, for the greateſt good of 


the whole. 
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„ PAK 


SECIS Ho 
Of weeds. 


HE laſt article which we pro- 

poſed to conſider was, what im- 

pediments there were to vegeta- 

tzon, and the methods of removing them. 

Theſe impediments are ſuch as either be- 

long to the ſoil or to the plants. We ſhall 
treat of them according to this diviſion. 


AmMoNGcsT the impediments of the ſoil, 
| claſs all ſuch vegetables, as, being of no 
uſe to the farmer, are called weeds, or in- 
utiles herb. Theſe become hurtful to the 


growth of more valuable plants, by con- 


ſuming part of the nouriſhment. I here 
claſs alſo thoſe roots called wreck in this 
country, which run through the ground 
often in ſuch plenty, that they bind the 
R ſoil, 
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ſoil, hinder the roots of the corn to ſpread, 
and draw up a great deal of nouriſhment, 
Theſe are generally the roots of the quick 


graſs, The reſt harrow, has a large root 
which goes very deep. 


Trnzsz weeds, and the roots belonging 
to them, are deſtroyed, 1. By ſummer tal- 
lowing. They are torn up by the plough 
m_— they begin to ſhoot, their roots are 
expoſed to the lun, they ſoon wither, and 
are killed ; or elſe they are buried below 
the ſurface. 


2. A METHOD much analogous to the 


former, is trenching eighteen inches deep. 
This buries the plants ſo deep that they 
dic ; but this can only be put in practice 
where the ſoil is good to that depth. 


3. ANOTHER method of killing uſeleſs 


plants is, to hoe them when young. That 
effectually roots them out. 


fo No 
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4. No plants can grow without a ſuſfi- [ 
cient quantity of freſh air, which is as ne- 
ceſſary to the vegetable life as to the animal. 
Whatever plants cover the ground cloſely, 
deſtroy all thoſe which grow below. Hence 

a good crop of peaſe kills all weeds by 
overſhadowing them; in ſo much that the 
farmer aſſures himſelf of a good crop of 
wheat if the peaſe are good. If they are 
not, a greater quantity of weeds comes up 
than uſual; and he never can expect any 
of the three following crops to be good, 
unleſs he gives the ground a fallowing. 


IT is in this way, likewiſe, that fog is 
deſtroyed. The incloſure is ſhut up from j 
the middle of May to the beginning of De- 
cember, and then fed from that time to A- 0 
pril. After that it is ſaved for a crop of 
hay. The fog being ſo long covered by 
two ſucceeding crops of graſs, is cut off 

from the benefit of the air, and ſo dies. 


th 

| | 1 

5. THERE is yet another way of deſtroy- 1 
ing theſe weeds ; and that is, by marl. I 4 
M23 ne # 
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have ſeen broom effectually killed by mar], 
I have ſeen a crop of wheat growing on a 
field which was partly marled and partly 
not. That part of the field on which marl 
had been laid, was free from all weeds, 
while the other unmarled part was full of 
them. The ſame wheat was ſowed over 
the whole field. I can account for this 
effect of marl in no other way than this, 
that the grain is brought up ſo ſpeedily 
as to be able to choke and deſtroy theſe 
weeds, 


CEC = 
| Of a wet fail. 


HE RE is not a greater enemy to ve- 
getation than the too great moiſture 
of the ſoil. It is always owing either to 
a ſtratum of rock, or of clay, generally 
the latter, below the ſurface, which not 
allowing the rains to paſs through, they 
can get off in no other way than by evapora- 
tion; a very ſlow method, when compared to 
filtration. 


filtration. Farmers expreſs the effects of wa- 
ter by ſaying, that it ſours the ground. It is 


not meant by this, that the ground becomes 
really acid, but only that it is changed in its 
nature, and rendered unfit for vegetation. 
The natural product of this ſoil are, ruſhes 
and ſour graſs ; which laſt appears in the 
furrows, but ſeldom in the crown of the 
ridge; is dry and taſteleſs like a chip of 
| wood; and feels rough, when ſtroked back- 

wards. The natural effect of ſtagnating 
water I take to be, its putting an entire ſtop 
to the admiſſion, and conſequently to the 
influence of the air. 


Tx1s exceſs of moiſture is carried off by 
a proper diſpoſition of the furrows, accord- 
ing to the natural deſcent of the ground, 
by which the water will have an eaſy paſ- 
ſage to get away. It is likewiſe material 
that the furrows ſhould be ſtraight : for the 
ſtraighter the furrow, the ſhorter time will 
tne water remain in the ground. It would 
appear likewiſe, that the narrower the 


—_ were made, provided they were a- 
= bove 


Sect. II. Agriculture and Vegetation. 197 


198 The Principles of Part V. 


bove the ſtagnating water, the ſooner would | 

the water fall through them, to get at the 1 

furrow. The furrow ſhould be made with Þ ; 

a double mouldebread plough, that both its 

_ tides may ſlope. Marling the ground, as I c 
ſaid before, makes it drier, by opening 
and looſening the ſoil. A field manured in | 

this way, will be fit fourteen days ſooner f 

in the ſpring for ploughing. If theſe me- It 

thods do not ſucceed, on account of water 1 

ariſing from ſprings, open or hollow drains I 

muſt be made at different diſtances. Open It 

drains ſeems beſt, if the ſprings be not too i 

many. v 

| ; 

" f 7 

ECT. II. | R 

Of rains. | 

r 

REAT rains are conſiderable impe- || ji 

diments to the proper concoction of t. 

the juices in the veſſels of plants, and alter I te 

very much the nature of theſe juices. Says tl 

a French author: En Panntee 1705, il ne Þ r 


plu preſque pas en Juin et en Juillet, et les I v 
. bleds 
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| bleds etoient excellent. Mais en 1707, quoi- 
qu il y ait eu de chaleurs extraordinaires, 
Il plu fi abondamment pendent les deux mois, 
| que le bles Wont rien valu, et ces ſont preſ- 
que tout echauffes. 


IT is obſerved, that all plants grow very 
faſt after rains ; not only the terreſtrial, but 
the equatic. The latter can never be ſup- 
poſed to want water; ſo that this effect 
muſt proceed from ſome other cauſe, than 
the increaſe of nouriſhment by the roots. 
The ſame effect is obſerved to happen, 
when the ſky, from being clear, grows F 
cloudy and {tormy. Perhaps their too great 0 
perſpiration may be ſtopped : perhaps the | 
moiſture is ſucked up by the pores of the 
leaves and wood : perhaps, as their nou- j 
riſhment depends on the circulation of their 
Juices, and that circulation on the contrac- 
tion of the zracheg or air-veſlels, according 
to Malpighius, the ſudden contraction fills 


the ſmalleſt and remoteſt veſſels with nou- 
riſhing juices ; and does it with ſome force, * 
which may lengthen the veſſels. As the [ 


veſſels 
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veſſels are more full of water, and the per- 
ſpiration leſs than ordinary, it is no wonder 
that the juices are not well concocted, and 
the grain bad. 


.. 
„ Of faulty ſeed. 


FT Avixo conſidered the impediments 
1 to vegetation which ariſe from the 
ground, let us next take a ſhort view of 
thoſe which ariſe from the ſeed. Jo pro- 
duce ſtrong plants, we muit chuſe ſtrong 


ſeed. Grain which has been ſtarved in 
meagre grounds cannot thrive.. 
Op grain will not grow; and, there- 
fore, farmers always chuſe the laſt year's F 
corn. It is thought that grain will not c 
grow when it paſſes the age of five years: , 


but the time cannot be preciſely fixed, for 
that muſt depend on the drineſs and oili- 
neſs of the ſeeds. © All the oily ſeeds keep 

long, 
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long, ſome of which will lie in the earth 
for fifteen or twenty years. Two months 
after the / great fire in London there ap- 
_ peared a great crop of a ſpecies of eryſi- 
mum, where there had been houſes for a 
thouſand years. Mr Reaumur ſowed ſome 
of the grain which had been preſerved in 
the citadel of Metz. for one hundred and 
thirty years; and which made very good 
bread. In three weeks ſome of the grains 
were ſwelled, and ſome not. In fix weeks 
no grains were to be found. 


Tax cauſe of ſterility in old grains ſeems 


to conſiſt in the veſſels loſing that ſupple- 


neſs which is neceſſary for their extenſion, 


and filling with water; and in the con- 
tained liquor loſing that gluinefs which is 
neceſſary for nutrition. This appears from 
the brittleneſs of the grain, which becomes 
ſo by the evaporation of the mucilaginous 
parts. 


* 
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LECT V. 1 


5 | 
Diſeaſes of plants. 1 


—— — — O GS os reF he ee * ; 22 6 * 2 * * "= 
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LL organized bodies, conſiſting of 
A containing veſſels, and contained 
fluids in motion, are ſubje&t to have 
thoſe fluids altered, and that motion vi- 
tiated. Hence the diſeaſes of plants, 
Tournefort has, therefore, judiciouſly claſſed 
theſe diſeaſes into thoſe which ariſe, 
4 1. from too great an abundance of juice; 
; 2. from too little; 3. from its bad qualities; 
4. from its unequal diſtribution; 5. from 
external accidents. 


— 
— 


2 


. 


Too great abundance of juices muſt 
cauſe ſtagnations, corruptions, too great a 
quantity of water - ſhoots, varices, cariofities, 

c. It ſeems to be in this way that too 
much rain operates. The ſmut, which is a 
corruption of the grain, ought to be claſſed 
here; becauſe it happens moſt to weak al 
grain, and in rainy ſeaſons. It may, like- 1 

5 . 
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wiſe, be communicated by infection, if I may 

ſo ſpeak; and the ſmut, like other conta- 

gious diſeaſes, may be tranſmitted from the 

infected to the healthful grain. The ex- 

periment, I was informed, has been tried. | 
Some ſmutty grain was ſown along with } 
very good ſeed ; and the produce appeared 1 
very ſmutty. Nor ought it to ſurprize us, | 
that this ſhould happen to the juices of 
plants, when we find, by daily experience, ; 
that the juices of animals aſſume the nature 1 
of the contagious ferment communicated to 
them. This diſeaſe is prevented, in a great | 
meaſure, by ſteeping the grain in a pickle ; 
of ſea-ſalt. This operates in two ways. It 1 
ſtrengthens the ſeed, and fits it for e = 
the ſuperabundant watery juices ; and, by | 
its great weight, ſuſpends all the faulty = 
grain ; ſo that none but the heavieſt and f 
ſtrongeſt fall to the bottom, and are made | 
uſe of. 


Dor ſeems to prevent other diſeaſes 
ariſing from too great a quantity of moiſ- 
ture. An experiment, performed by a 

* gentleman 
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gentleman of my acquaintance, will ſhow 
this effect of dung in a ſtrong light. He 


fallowed two acres of poor ground, which 


had never got any manure, with a deſign 
to ſow wheat on it; but altering his ſcheme 
afterwards, he laid ſome dung on a ſmall 


part of it, and ſowed the whole, after it 
had got five furrows, with barley. A great 
quantity of rain fell. The barley, on that 
part which was dunged, was very good ; 
but what was on the reſt of the field turn. 
ed yellow after the rains, and when ripe, 
was not worth the expence of reaping, 
This experiment ſhows, that the moiſture 
and poverty of the ſoil was the cauſe, and 
that the dung was the cure of this diſeaſe. 


PLanTS and trees certainly decay for 
want of proper nouriſhment. This is the 


cauſe why the leaves fall off at the approach 


of winter. It appears plainly from the fol- 


lowing experiment. Ingraft an almond 


tree on the black damaſk plumb : for the 


firſt year the almond tree thrives very well; 
but after that they both decay lowly and 
_ die. 


fab os faſo at 
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die. The reaſon is, becauſe the former 
vegetates much ſooner than the latter ; 
and, therefore, requires nouriſhing juice 
when the former has it not. While young, 
it is eaſily ſupplied ; but when it grows 
larger, it exhauſts the plumb, and is ſtary- 
cd itſelf. If the plumb is ingrafted on the 
almond, the juice riſes in the latter, when 
the former is not fitted to receive it, and it 
dies of repletion. 


DU HAMEL, in Mem. acad. des 
ſciences for the year 1728, mentions a diſ- 
_ eaſe, called le mort, which attacks the 
ſaffron in the ſpring ; and is owing to a 
plant of the ſpecies of trefoils, that has no 
ſtem, fixing ſome violet-coloured threads, 
which are its roots, to the roots of the ſaf- 
fron, and ſucking out its juice. This dif- 
eaſe is prevented by digging a trench, which 


ſaves all the unaffected. All diſeaſes from 


defect of nouriſhment, are cured by the ap- 
plication of manures. 
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flies and their eggs, vermin, &'c, give riſc 
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Tun juices may be, likewiſe, faulty from 
their bad quality. When the turpentine 


juices of the pine and fir turn too thick, the 


tree is ſuffocated. Sugar canes, it is ſaid, do 


not thrive ſo well in rich new ſoil, becauſe 


it affords too oily a juice, which is not ſo 
good for ſugar: if they are cut when ſix 
months old, the leaves burnt, and the 
aſhes laid round them, they afford better 
ſugar. The alkaline ſalt, from the aſhes 
of the leaves, attenuates the oils, and makes 


a better ſaccharine juice. vis 6r ſeeds 


tranſported from warmer countries to cold, 
decay gradually, becauſe the juices are not 


ſufficiently attenuated for want of heat. 


Treg unequal diſtribution of the juices 
ſeems to be another cauſe of vegetable dif- 


eaſes. In corn, the juice ſometimes runs 


too much to the leaves; cutting or eating 


the corn is a remedy for this, as it ſend: 
che) juice to the ſtalk. 


EXTERNAL accidents, ſuch as froſt, hail, 


to 


* : 
7 
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to many diſeaſes. There 1s a ſmall white 
hard worm very common in new ground, 
which deſtroys plants by eating their roots. 
Theſe worms are killed by quick-lime or 


. 
— — —„— —  ———— 
Rr 


lime-water. 


TEE mildew 1s to be ranked here, as it - 
ſeems to be owing to a gluy ſaccharine = | 
matter falling with a ſummer ſhower, and | 

blocking up the perſpiration of the plant. j 
This matter may be felt and taſted on the 
ſurface of the leaves. That it operates in 

this way, appears from the following fact. 
There is in the Briangon, a ſpecies of nut- 7 
tree, which has all its leaves covered with a þ 
ſaccharine ſubſtance, ariſing from the per- 
ſpiration of the juices of the plant. If it 
is in very great quantity, the trees often 
die. © - | 1 
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Y 
; AMONGST the claſs of external accidents 
we may place the effects which ariſe from i 

the contiguity of certain plants. There are * 

, ſome plants which do not thrive in the 0 
0 neighbourhood of others. This is obſerv- | 
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ed of the cabbage and cyclamens, of hem- 
lock and rue, of reeds and fern. We have 
many examples of ſuch like antipathics 


amongſt animals. Theſe effects feem to 
be produced by the effluvia which are 
emitted by all organiſed bodies. 


IT is ſurpriſing, that the preſent ſubject, 


ſo highly neceſſary to the proper culture of 
plants, ſhould have been almoſt entirely 
neglected; ſo that an inquirer finds too 


few facts and obſervations to be able to 
lay down any regular ſyſtem. Beſides, the 
diſeaſes of vegetables ſeem to require more 
aſſiſtance, and therefore demand more at- 


tention, than thoſe of animals; if we regard 
the cure alone, and ſet aſide the higher rank 


in the ſcale of creation, and conſequently 
the higher value of the latter. Animals | 
have a ſentient power within, which, irri— 
tated by the cauſe of a diſeaſe, quickens 
the motions of the heart and arteries, and 
continues theſe mechanical agents till the 
morbuic particles are expelled, or the ani- 
mal ſyſtem overpowered by them. But there 

_— 
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is no ſuch power inherent in vegetables, 
Unleſs a remedy is applied from without, 
they muſt continue to labour under the 
diſeaſe. Whoever removes the diſeaſe of 
an animal, does it by directing theſe natu- 
ral and mechanical motions aright, and in 
the way that the motive power ſeems to 
point out. But whoever removes a vege- 
table diſeaſe, mult look on the work as 


entirely his own, as he has got no aſſiſt- 


ance from the vegetable itſelf. 


SECT. WW 


Plan = the further improvement of Agri- 


culture. 


Hus I have endeavoured to ſhow, that 
agriculture 1s not ſo uncertain and 
_unſcientifical an art as is coinmonly thought ; 


but is reducible, like other arts, to fixed | 


unalterable principles. I have already look- 
ed back, and conſidered the impediments 
which have lain in the way of its progreſs 
8 3 to 
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to ſome degree of perfection. I ſhall now 
look forward to ſee how theſe may be belt 
remedied, and in what manner we can aſſiſt 
it in its progreſs. | 


_ AcrtcULTURE does not take its riſe 
originally from reaſon, but from fact and 
experience. It is a branch of natural phi- 
loſophy, and can only be improved from 
the knowledge of facts, as they happen in 
nature. It is by attending to theſe facts 
that the other branches of natural philo- 
ſophy have been ſo much advanced during 
theſe two laſt ages. Medicine has attained 
its preſent perfection only from the hiſtory 
of diſeaſes and caſes delivered down. Chy- 
miſtry is now reduced to a regular ſyſtem, 
by the means of experiments made either 
by chance or deſign. But where are the 
experiments in agriculture to anſwer this 
purpoſe ? When I look round for ſuch, I 
can find few or none *. There, then, lies 

the 


* Since theſe papers were wrote, I have read 
three volumes of experiments publiſhed by Da Hamel 


on Tull's ſyſtem of agriculture. They are diſtinct, 
exact, 
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the impediment in the way of agriculture, 
Books in that art we are not deficient in 
but the book which we want is a book of 


experiments. 


Ap, indeed, as things ſtand at preſent, 
it muſt always be ſo. Mankind are ſhy in 
attempting any thing, or at leaſt render- 
ing it public, unleſs they can make it com- 
plete, or erect ſome plauſible ſyſtem. This 
they may do in all other arts, but they 
cannot in agriculture. The time ſo ſeldom 
comes about, and the progreſs of the ex- 
periment is ſo ſlow, that one perſon can 
make but very few during his life. A 
number of experiments are to be found, 
not in the poſſeſſion of one, but in the 
hands of many. The fault, then, lies not 
in the deficiency of facts; for chance and 
deſign muſt have been able to furniſh 

Dn many z 


exact, concluſive ſo far as they have gone, and ſtand 
a model for experiments in agriculture. What a 
ſhame for Great Britain, where agriculture is ſo 
much cultivated, and where that ſyſtem took its 
riſe, to leave its exact value to be determined by 
foreigners ! | ; 
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many ; but of a certain, proper, and eaſy 
channel, through which they might be 
conveyed to the world, without wounding 
the natural vanity of mankind. 


HITHERTO theſe facts and experiments 
have been confined to converſation alone, 
and have died along with thoſe who made 
them. I would propoſe a ſimple remedy 
for this. Let a committee of the Edin- 
burgh ſociety, not exceeding five perſons, 
be named for the branch of agriculture 
alone, whoſe duty ſhall be, to receive ſingle 
and detached experiments, put them in a 
proper dreſs, if they ſtand in need of it, 
and publiſh them to the world at ſtated 
times, like a public paper. This manner 
of appearing ſeems well calculated to raiſe 
a ſpirit of experimental farming over the 


country. 


Tae narrator, on his part, ſhould deli- 
yer the experiment in the plaineſt and 
moſt diſtin manner, and ſeparate the 
facts from his reaſonings. Perſpecuity and 
exactneſs are the chief beauties in experi- 

mental 
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mental writing. The plain fact ſhould be 


firſt told, with all its concomitant circum- 
ſtances; ſuch as, the ſituation of the 
ground, nature of the ſoil, previous cul- 
ture of it, quality of the ſeed, country 
where the experiment is made, ſtate of the 
air, at ſowing and after, with regard to 
heat and cold, drought and rain, wind, 


M 


c. The reaſoning on the experiment 
ſhould then follow, and ſhould be ſuch as 
ariſes naturally from the experiment. Al- 
though it is not neceſſary to mention any 
name to the public, yet the experiment, 
when delivered, ſhould be ſubſcribed by 
the perſon who made it, to- avoid all impo- 
fition. 


Iv order to increaſe the ſpirit of experi- 
ment-making over the country, I would 
purpoſe, that this committee ſhould have 
it in their power, to grant one or more 
honorary or lucrative premiums, to thoſe 
who ſhall have delivered the molt inge- 
nious and uſeful experiments in agricul- 
ture. It is in this way, I think, that the 
premiums 
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premiums deſigned for agriculture thould 
be eſtabliſhed. They ought to be, not on 
ſuch ſubjects as the farmer is naturally 
led by his own gain to purſue ; for ſuch 
he will generally follow, to the utmoſt of 
his knowledge and abilities; but on ſuch | 
as are not ſo nearly connected with gain, 
and make him go out of the common road. 
This confinement may, however, be too 
great at the firſt ſetting out; and it may 
be more adviſable, to admit all experi- 
ments for ſome time, till the ſpirit be once 
raiſed. 


Tie happy conſequences of this ſcheme 
are very evident. Farmers will begin to 
ſee the only method of cultivating this art 
with ſucceſs ; they will attend to minute 
circumſtances to which they never did be- 
fore ; they will be fond to communicate 
the iſſue of their experiments to the public, 
when they can do it in that eaſy and con- 
cealed way; they will have a dictionary 
of facts to conſult upon occaſion ; and. 
will 


1 
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will be able to draw advantage from both 
the good and bad ſucceſs of others. 


IN time this plan may afford fund ſuffi- 
cient for ſome future comprehenſive genius, 
who, laying the different, and often ſeem- 
ingly oppoſite experiments together, and 
conſidering all their concomitant circum- 


ſtances, may be able to reduce the practice 


to fixed and permanent rules. This good 


fortune ſeldom happens to the firſt experi- 


menters in any art; for they ſee things in 
too narrow a view, and often with too 
prepoſſeſſed a mind. It is reſerved for that 
unbiaſſed and found judgment, which can 
take from every opinion whatever truth 


it contains; and from the whole united 
together, raiſe one regular, beneficial, and 


| laſting ſyſtem. 
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